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A NEW ANSWER TO THE QUESTION OF 
MACULAR SPARING 

F H VERIiOEFF, MD 

BOSTON’ 

Accoicling to Oldman field tests, the cential visual field is usually spaied to a 
considerable extent when one occipital lobe has been leinoved or its functions 
completely destioyed, while the cential field is chai actei istically split veiticdll} 
\\hen one optic tract is desti03'ed If there is actual sparing of the macula in the 
former case, theie seems to be no escape from the conclusion that bilateral repre- 
sentation of the macula exists in the occipital lobes There is, howevei, no tenable 
anatomic evidence m favor of this and in fact much against it ^ Assumption that 
die supposed sparing is due to instability of fixation fails to solve the enigma 
because it does not explain \\h} such spaiing is not found when one optic tract is 
destroyed The theoiy that I have to offer explains macular spaiing after com- 
plete destruction of one occipital lobe as only apparent and as due paitly to instabil- 
ity of fixation and partly to the establishment of an eccentric fixation point In 
addition it accounts for the instability of fixation after lobai destiuction and for 
absence of apparent sparing after interiuption of one optic tract The theory in 
brief is that apparent sparing results, from loss of necessary cortical integration 
and that this loss may be produced by cortical injury but not by unilateral inter- 
ruption of the lower visual pathways The theory rejects bilateral occipital repre- 
sentation of the macula and is based on the following considerations 

Normally during central fixation of a point in space the image of the point is 
placed nearly on the center of the fovea This is known from the fact that visual 
acuity IS highest at the fixation point and falls off symmetrically around it It 
has been thought that this placement of the image lesults from an attempt to see 
the point most distinctly This, however, is not the case For it is a well known 
fact that when foveal vision has become defective in one eye only, oi even com- 
pletely absent, as in the case of a hole in the fovea, the subject will continue to 
place on the center of the defective fovea the image of any letter he tries to see 
with this eye alone In other words, the subject is unable to see an)^ letter he is 
“looking at” but can see letters near it It is evident that, at least in the completed 
organism, central fixation is not controlled by the high visual acuity of the fovea 
It therefore must be controlled by integration and correlation of a wide central 
region with the ocular motor mechanism Possibly some of the integration takes 
place in the retina itself, but obviously some of it, the final part, must take place 
m the cerebral cortex, and an essential part of the corresponding ocular motor 
coordination must take place here 

If one looks at a circle on a uniform white background and the circle corresponds 
in size to the macula, one can accurately fixate the center whether or not an actual 

1 Hines, M Recent Contributions to Localization of Vision in the Central Nervous 
System, Arch Ophth 28 913 (Nov ) 1942 
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point IS there If half the circle is hidden by a laige piece of black paper with a 
straight edge that passes veitically over the center of the circle, one can still 
precisely fixate the center with the fovea Evidently, therefore, if the cerebral 
cortex IS intact, the integration and correlation in question can take place when 
there is no retinal image on one half of the macula Hoivevei, since one completes 
the circle by the imagination, it can be said that there is an imaginary image on 
one half of the macula Obviously, when one optic tract is interrupted an 
analogous condition exists— one half of the visual field is blocked off while the 
cerebral cortex remains intact Hence fixation is normal and splitting of the 
macular field can be found This would be the case also if corresponding halves 
of the retinas were destroyed When, however, one occipital lobe has been 
destroyed or removed, and the integration in question is thereby abolished, fixa- 
tion becomes eccentric and apparent sparing is found It would seem that the 
new retinal point of fixation would be at about the centei of the remaining 
macula This would account for appaient sparing of about three fouiths of the 
whole macula The remamdei of the apparent sparing could be accounted for 
by fixation slippage dependent largely on the altered coi relation with the ocular 
motor mechanism 

Cases have been reported in -which a lesion of one occipital lobe has produced 
hemianopsia with splitting of the macula In 1 such case the corpus callosum 
was cut In Dandy’s 3 cases,- in each of which he removed the entire right 
cerebral hemisphere, it was stated that there w^as complete hemianopsia ® While 
such cases contradict bilateral representation of the macula in the occipital lobes, 
they may seem also to contiadict my theory as thus far piesented To explain 
these cases the following elaboration of the theory is offered 

Both halves of the visual field of each eye must be lepresented somewhere or 
somehow in one or in each of the ceiebral, hemispheres For without some sort 
of visual communication between the tw'O hemispheies, an image presented only in 
one hemisphere and another image presented only in the other hemisphere could 
not be compared Moi cover, the communication must be immediate, because the 
two images can be immediately compared Simple as are these facts, and obvious 
as IS their implication, they seem to have been generally disiegarded The phi 
phenomenon is the same whether the two objects are in the same or in contra- 
lateral fields In some way the two half-fields must be represented as a whole 
without demarcation between them, foi consciously they so appear Since the 
two cerebral hemispheres are closely symmetric, it is more than reasonable to 
believe that a complete visual field is repiesented in each hemisphere The site 
of each representative, which for convenience I shall term the conscious visual 
area, has not been identified Possibly it is not in a closely circumscribed area ^ 

It IS at this level that the theory of replacement assumes that each pair of corre- 
sponding retinal units is repiesented by a single unit Probably, just as the 


2 Dandi, W E Physiological Studies Following Extirpation of the Right Cerebral 
Hemisphere in Man, Bull Johns Hopkins Hosp 53 31, 1933 

3 It IS to be noted, however, that charts of the visual fields are not reproduced and that 
It IS not stated that careful field studies were made The statement “hemianopsia is of course 
complete” suggests that completeness was taken for granted and that there may have been 
apparent sparing in these cases This question was not discussed b\ Dandy 

4 The 6 cases reported b\ A T Akelaitis (Studies on the Corpus Callosum, Arch Neurol 
& Ps\chiat 45 7S8 [May] 1941) in which the corpus callosum w'as completely^ sectioned seem 
to pro\e that the visual communication between the two hemispheres is not \ia the corpus 
callosum, but Ma the anterior commissure and therefore suggest that the conscious Msual 

areas are in the temporal lobes „ , , ^t- l n ir.-,- 

5 Vcrhceff, F H A New Thcor^ of Binocular Vision Arch Ophth 13 151 (Feb) 19ta 



VERHOEFF—NEU' ANSWER TO MACULAR SPARING 


423 


speech centei is situated unilateiall}, so the consicous visual aiea noimally 
employed may be repieseiited unilaterally In this connection it is of consid- 
eiable impoitance that the visual phenomena of squinters -who are manifesting 
anomalous piojection can be best explained on the assumption that they are 
employing one conscious visual aiea foi the light eye and the other foi the 
left eye Since fixation is largely a voluntary act, it is reasonable to assume that 
the mtegiation necessary foi this act and for conscious visual acuity largely takes 
place in a conscious visual area, and that in the case of iight-handed peisons this 
IS usually in the left ceiebral hemispheie 

Integration between the two fields would be possible so long as the conscious 
visual area in use and its motoi connections lemamed intact As has been pointed 
out, the integration in question can take place when in one field there is no image 
fiom an external source Theiefore splitting of the macular field could be found 
even after lemoval of one occipital lobe and complete seveiance of all connections 
between the two ceiebral hemispheies If, however, in the conscious visual 
area used, the function of one maculai half was destiO}'ed oi seiiously impaired, 
appaient sparing of the macula could be found as I have explained, whether or 
not the lowei visual pathways to this half weie intact Obviously, if the conscious 
visual area concerned was in the left hemispheie, lemoval of the left occipital lobe 
would be more hkel}^ to mjuie diiectly or mdiiectly, the left half of this area 
than would removal of the right lobe It is noteworthy, therefore, that of the 2 
cases leported by Halstead and associates® alleged sparing occuiied only in the 
1 in which the left lobe was removed In the case in which the light lobe was 
lemoved and no sparing v^as found, it Avas definitely stated that the patient was 
light handed, but in the othei case no statement was made as to this question It 
may be of importance, also, that the case in which there was no appaient sparing 
was the one in which it was not ceitain that all of the stiiate area had been 
lemoved In a case of hemianopsia, my theory pi edicts that the less the occipital 
damage the less the probability of appaient maculai sparing Of couise, for leal 
sparing the opposite is tiue 

Actual sparing without bilateial occipital i epi esentation of the macula could 
occur after complete destiuction of one occipital lobe only if visual pathways to 
the conscious Ausual aiea in use could by-pass the mjuied occipital legion Foi 
ceitam lowei animals this may be possible, but foi man it would seem not to be 
so Yet a case of a boy aged 11 yeais has been lepoited’’ in which one occipital 
lobe was found at opeiation to have been completely leplaced by a cystic cavity 
without impairment of visual acuity and without pioduction of hemianopsia or 
eien of impoitant constriction of the visual field It is to be noted, howCAei, that 
in this case the lesion began eaily in life, as tbe lesult of biith injuiy, and that 
therefoie the case is not compaiable to cases in which the lesion Avas acquired ' 
much latei Moieovei, although discussed, the possibility Avas not completely 
excluded that the occipital cortex had simply been pushed aside b}^ the cyst 

Hence if actual spaiing of the macula occuiied in the case of total lobectomy 
lepoited by Halstead and associates,® my explanation is nullified They took 
unusual precautions to avoid eiioi By an electrical method they excluded fixa- 
tion movements of more than 30 minutes of arc They also employed a photo- 
giaphic method, but did not state hoAV accuiate this Avas Piesumably it Avas less 

6 Halstead, W C , Walker, A E, and Bucy, P C Spaiing and Non-Sparing of Alacular 
Vision Associated with Occipital Lobectomy in Man, Aich Ophth 24 948 (Nov ) 1940 

7 Jelsma, F, Spurling, R G, and Freeman, E Absence of Occipital Lobe of Brain 
(Porencephaly) with Essential!} Normal Vision, Arch Neurol & Psychiat 28 160 (Julv) 1932 
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so than the electrical method, for they did not emphasize it While it seems 
certain that they excluded the possibility of ordinal y fixation -movements during 
the field tests, they presented no evidence to exclude the possibility that a gradual 
slipping of fixation occuired 'when the patient anticipated that a test object was 
to be bi ought from the blind half of the maculai field As a matter of fact, in his 
original description of his electrical method, Halstead® made the following state- 
ment “The amplitude of eye movements of slower late than the time constant 
of the amplifier (approximately one second) will of course be incompletely 
recorded ” It is just such slippage that my theory predicts, and little of it would 
be required to explain their case on this basis alone These investigators by 
lefined methods demonstiated spaiing of only 125 degrees for form and 2 5 
degrees foi brightness Other obseivers by the usual methods repeatedly found 
sparing of 3 to 5 degrees in the same case This fact of itself suggests that the 
extent of apparent spaiing varied inveisely with refinement of technic and that 
therefore no actual sparing existed It is to be noted that m this case the visual 
acuit}', normal in each eye befoie operation, was reduced m the right eye to 0 8 
and in the left eye to 0 8-1-2 This would not be expected if thei e was actual 
sparing of the foveas Appaientlj'- also of significance is the fact that in their 
second case these investigators by means of their refined technic demonstiated 
splitting, while by usual methods they sometimes found sparing of as much as 
2 degrees This fact accords with the view that there was no actual sparing in 
either case 

A fixation point eccentric to the extent of 4 degrees of arc would of course be 
associated with poor visual acuity Probably an eccentricity of 1 5 degrees in an 
otherwise normal eye would reduce visual acuity to at least 20/30 How, then, can 
the fact be explained that in manj'^ of the cases under consideration central visual 
acuity was slightly if at all affected ^ It is true, as I have indicated, that a person 
who has acquired defective foveal vision in one eye only will fixate with the 
defective fovea when the other eye is occluded In such a case, however, there 
IS ordinarily no leason for him to learn to do otherwise, since the other eye is 
not defective, and m binocular vision retinal correspondence causes normal 
bifixation The circumstances are different when theie is hemianopsia with 
eccentric fixation Then no doubt the patient soon discovers, consciously or 
subconsciously, that he must look to one side of an object to see it distinctly and 
therefore does so when his visual acuity is tested and the best is insisted on On 
the other hand, in a visual field test it is not the fixation object but the approach- 
ing test object that he is desirous of seeing distinctly Hence he permits the 
image of the fixation object to occupy the eccentric macular area or to slip still 
farther from the real fovea 

There remains to be explained why apparent sparing does not extend above 
and below the macula This can be explained on one or all of thiee reasonable 
assumptions The first is that fixation would become less eccentric, that is, 
approach the normal, when the necessary attention was given to a test object 
above or below the fixation point The second is that the subject would con- 
sciously or subconsciously discover that he could not make the approaching test 
object appreciably more distinct b}' permitting the fixation object to become less 
distinct The tliird assumption is that at a distance from the fovea loss of integra- 
tion across the margin of the blind field would produce a widei zone of impaired 
\isual perception than it w'ould near the fovea Thus when a small test object 

8 Halstead, W C A Method for the Quantitatnc Recording of E\e Movements, 

J Psvchol 6 177, 1938 
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^^as bi ought in fiom the blind held along the hoiizontal midline, it would be seen 
soonei than when it was brought in from above oi belov the fixation point To 
elucidate this question fuithei, and to evaluate the lelative importance of these 
assumptions, field tests othei than those which have aheady been used m such 
cases would need to be employed 

W Fuchs® has desciibed what he teims a pseudofovea as occuiimg in ceitain 
cases of hemianopsia By this he meant a letinal aiea which has a highei visual 
acuity than the real fovea While he intimated that he has made similar observations 
111 othei cases, he lested his contention on 1 case, to which he devoted a sepaiate 
lengthy lepoit®*’ He stated that theie was no sparing of the macula iii this case, 
but heie he seems to have begged the question Foi all the lesults he obtained 
can best be explained on the assumption that theie was actual spaiing More- 
ovei, it IS impossible to deteiniine the extent of the damage to the occipital lobe in 
this case oi in any of the 3 pi evious cases he i epoi ted He described no case 
111 which one occipital lobe had been completely destioyed and did not discuss 
the question as to whethei the site of the lesion conceins the pseudofovea Foi 
these reasons, his findings, while mteiestmg fiom a psychologic viewpoint, cannot 
be regal ded as of important significance in connection with the subject of bilateial 
1 epi esentation of the macula The most that can safely be said of them m this 
connection is that they do not controvert my explanation of apparent spaiing, 
and possibly lend some suppoit to it 

CONCLUSIONS 

Appaient sparing of the macula after complete destiuction of one occipital 
lobe IS explained by loss of mtegiation between the seeing field and the blind field 
in the conscious visual coitical aiea in use As a result of this loss an eccentiic 
letinal point is employed for fixation, and slipping of fixation easily occurs The 
oiiginal maculai field is actually split thiough the centei but in field tests appeals 
to be moie oi less spaied 

When one optic tract is inteirupted, the integration in question is not distuibed, 
and splitting of the macula is theiefore found in field tests Even aftei complete 
destiuction oi lemoval of one occipital lobe, maculai splitting may be found in 
such tests if integration m the conscious visual aiea in use is not too gieatly dis- 
turbed These conditions would most likely obtain when the lobe destioyed was 
on the side opposite that of the conscious visual aiea 

This theory needs additional facts before it can be unreseivedly accepted 
Nevertheless, it seems sufficiently satisfactoiy to wairant the statement that the 
field determinations thus far made do not refute the evidence against bilateral 
occipital lepresentation of the macula 

395 Commonwealth Avenue 

9 Fuchs, W (a) Untersuchungen uber das Sehen des Hemianopiker und Hemiam- 
blyopiker, Ztschr f Ps 3 'chol 84 67, 1920, (b) Fine Pseudofovea bei Hemianopikern, Ps^chol 
Forsch 1 157, 1921 



PENICILLIN AND SULFADIAZINE 

IN THE TREATMENT OF EXPERIMENTAL INTRAOCULAR INFECTION WITH 

PNEUMOCOCCUS 

LUDWIG VON SALLMANN, MD 

NEW YORK 

Diplococcus pneumoniae is considered the most frequent cause of severe intra- 
ocular infections following perforating injuries Morax and Moreau/ A von 
Szily - and K Lindner ® stressed the importance of this organism in infections of 
penetrating wounds of the eye in modern warfare Therefore the chemotherapy 
of experimental post-traumatic endophthalmitis caused by the pneumococcus was 
selected for the present study, which is the first part of more extensive investi- 
gations on the tieatment of intraocular infections 

Statistical data on the types of pneumococci in cases of endophthalmitis and 
panophthalmitis following various peiforating injuries are not available Only in 
a few such cases liaA^e the types been identified according to Cooper’s classification 
It IS justifiable, however, to apply to intraocular infections the statistical figures 
of the incidence of the various pneumococcic types present on the normal con- 
junctiva and isolated m external diseases of the eye, because it is assumed that the 
micro-organisms from the surface of the conjunctiva and cornea, drawn into the 
eye by the penetrating foieign body, generally become the source of infection 
There was almost complete agreement among the investigators of different countries 
until 1938 that pneumococci in group IV of the former nomenclature veie the 
most often found and were followed m incidence by strains of type III (Cheney, 
1922 S Lundsgaaid, 1925 % Vita, 1926% Wright, 1927% Clegg, 1927% Lucic, 
1927® Lobeck, 1931 Jahnke and Wamoscher, 1931 Schmelzer and Eckstein, 

This study was supported b}’- the Knapp Memorial Foundation 
v Read before the New York Academy of Medicine, Section of Ophthalmology, Jan 18, 1943 

From the Department of Ophthalmology of Columbia University College of Ph^SICIans 
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3 Lindner, K Ueber die Infektionsgefahr nach bulbuseroflnenden Operationen, Ztschr 
I Augenh 53 305, 1924 

4 Chene\, R C Tipes of Pneumococcus Found m Corneal Ulcers, Tr Internat Cong 
Ophth 1 378‘ 1922 

5 Lundsgaard, K K K Pneumococcus Infections of E^es, Hospitalstid 68 505, 529 
and 553, 1925 

6 Vita, A La classificazione immunologica moderna dei pneumococchi nella patologn 
oculare, Socicta italiana di oftalmologia, 1926, abstracted, Zentralbl f d ges Ophth 19 712, 
1927-1928 

7 Wright, R E , in EtloIog^ and Treatment of Hjpopjon Ulcer Sjmposium, Tr Ophth 
Soc U Kingdom 47 72, 1927 

8 Clegg, J G , in Etiolog-\ and Treatment of H\pop\on Ulcer Sjmposium, Tr Ophth 
Soc U Kingdom 47 72, 1927 

9 Lucic, H Bacteriolog\ of the Normal Coiijunctnal Sac Am J Ophth 10 829 1927 

10 Lobeck, E Zur Fragc der Pneumokokken Infektionen am Auge Arch 1 Ophth 
127 395, 1931 

11 lahnke \\ , and Wamoscher L Zur Frage der Serunitherapic bci Pneumokokkcn- 
t rkrankungcn des Kiigcs, Ztschr f Augenh 74 215 1931 
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193412 ^ McKee, 1935,’^ and Spnatos, 1937 In ophthalmology the fiist 
attempts to identify the twenty-nine highei types of the foimei gioup IV by aggluti- 
nation leaction weie earned out by Newman, Woods and Chambeilam 
These authois ariived, however, at slightly diffeient conclusions Newmian listed 
as most often found types VII, X and XXIII, Woods, types VII, XIV and 
XXIII and Chambeilam, types XIX, VI and XIV 

Since 111 a feiv clinical cases of panophthalmitis types III, VII and X were 
lepoited as the cause of the infection and since these types are among those most 
frequently found on the suiface of the eyeball, they weie selected foi inoculation 
into labbits’ eyes Fuithermoie, the effect of one of the diugs studied 111 expeii- 
ments on rabbits was tested m vitro on the other frequently found types — namel} 
tipes VI, XIV, XIX and^XXIII 

By injections of a dilution of a twenty-foui houi bioth cultuie into the anterioi 
chambei of adult chinchilla labbits a faiily w^ell standardized infection with a 
typical couise was obtained and used as the test object^® The action of two 
chemothei apeutic agents w^as studied sulfadiazine ( 2 -[paiaammobenzenesulfon- 
amido] -pyrimidine), as one of the newer sulfonamide compounds, and penicillin 
a pioduct of the mold Pemcilhum iiotatum 

PRELIMINARY EXPERIMENTS 

The lesult of injection of different micio-oigamsms into the anteiior chamber 
has been studied by several authors, notably by Picot,^® in 1898, who gave a good 
desciiption of the clinical and anatomic changes, and by Venco m his study on 
the effect of sulfonamide compounds on sti eptococcic and pneumococcic infections 
The technics applied by these investigators were diffeient fiom each othei and also 
fiom that leported heie In Picot’s expeiiments no attempt was made to estimate 
the number of geims injected Venco used dilutions of a diied powder of pneumo- 
cocci wuth an unknown! number of viable geims In the expeiiments repoited here 
this numbei was loughly estimated in each series by plate counts of appropiiate 
dilutions of the broth culture in blood agar In the first pait of the preliminary 
expeiiments the couise of the inflammation after injection of the vaiious types ot 
pneumococci was observed The mflammatoiy signs, including excessive fibiinous 
or cellulai exudation, usually leached their height m foity-eight to seventy-two 
houis With the stiaiii of type VII a violent endophthalmitis with a massive 

12 Schmelzer, H , and Eckstein, E Die augenpathogene Bedeutung dei Streptokokken 
und Pneumokokken (547 Untersuchungen), Arch f Ophth 132 24, 1934 

13 kIcKee, S H A Study of the Pneumococcus Group from the Inflamed Conjunctna 
and Lacrimal Sac, Am J Ophth 18 1021, 1935 

14 Spiratos, S Le pneumocoque, agent pathogene et saprophyte de I’oeil, Arch d’opht 
1 589, 1937 

15 Newman, E W Diplococcus Pneumoniae and Streptococcus Vindans in Ocular Dis- 
eases, Arch Ophth 19 95 (Jan ) 1938 

16 Woods, M A A Study of the Methemoglobin-Producing Organisms in Ocular Inflam- 
mations, Am J Ophth 22 1111, 1939 

17 Chamberlain, W P , Jr The Treatment of Pneumococcic Corneal Lesions uith Sulfa- 
P 3 ridine, Thesis, Columbia University Graduate School, 1940 

18 Vaccination of the cornea wnth intracorneal injections was not satisfactory with oui 
technic and culture material because of the frequent spontaneous regressions 

19 Picot, V Recherches experimentales sur I’lnoculation de micro-organismes dans la 
chambie anterieur de I’oeil du lapm, Arch d’opht 18 341, 1898 

20 Venco, L Ricerche sulla attivita chemioterapica della para-aminofemlsulfamide nolle 
infeziom microbiche sperimentali deU’occhio, A.nn di ottal e dm ocul 67 179, 1939, Rilie\i 
sperimentali sulla chemioterapia delle infeziom pneumococciche oculari mediante alcuni' dernati 
organic! dello zolfo, Arch di ottal 46 307, 1939 
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exudate was observed within twelve houis The character of the exudate and the 
sequence of the clinical changes vaiied somewhat with the strain of the pneumo- 
coccic type, but the inflammation generally led to suppuration of the anteiioi 
segment, perforation and phthisis bulbi or severe endophthalmitis followed by 
atrophy of the eyeball Often in the later stages the cornea became partially or 
entirely infiltrated and vascularized Of the 31 control eyes 1 healed spontaneously 
after a regression of iritis with hypop}^!!, and in another eye the infection did not 
take The stages of the infection weie routmel)'- studied with the corneal micro- 
scope and slit lamp as long as massive exudate did not fill the anterior chamber 
A large number of photographs were taken to illustrate the com se of the infection 

On the basis of previous experiments on Bacillus pyocyaneus keiatitis'^ and 
clinical experience, sodium sulfadiazine was used lontophoretically in a 5 per cent 
solution The amount of 0 25 Gm per kilogram of body weight of sulfadiazine fed 
once daily was chosen to approximate the dose in human theiapy The second 
part of the preliminary experiments was concerned with the determination of the 
concentrations of the ammonium or sodium salt of penicillin best suited foi 
local use Solutions of 0 1 to 1 0 per cent were introduced by corneal baths and 
by iontophoresis With both technics solutions of 1 0 and 0 5 per cent damaged 
the epithelium and superficial layers of the cornea Solutions of 0 25 per cent also 
damaged the epithelium to some extent when applied repeatedly by lontophoiesis 
at 2 milhampeies for five minutes The same concentiation usually did not harm 
the cornea when applied frequently in a simple bath A solution of 0 1 per cent 
could be employed with iontophoresis repeatedly with little or no damage to the 
epithelium The two latter concentrations vere theiefore chosen for the experi- 
ments The hydrogen ion concentration of these solutions was found to be between 
7 and 8 The injurious action of the higher concentrations on the corneal epithelium 
has no parallel m the experiments on tissue cultures and on leukocytes reported bj 
Florey and associates,-'* Thygeson and others 

EXPERIMENTAL TECHNIC 

The experiments were divided into two groups In the first group a sharp 27 gage 
needle was inserted through the periphery of the cornea in a tangential direction, and 0 05 cc 
of diluted broth culture of types III, VII or X was introduced into the anterior chamber 
With this technic, visible loss of fluid rarely occurred after the withdrawal of the needle In 
the second group the pupil was dilated with atropine sulfate solution, the anterior lens capsule 
injured with the needle and the aqueous permitted to escape The needle was left m situ, 
and 0 07 cc of the inoculum broth w'as then injected Actually 0 05 cc was introduced, since 
the measured capacity of the needle was 0 02 cc In this group it was usually not possible to 
preient the loss of an uncontrolled amount of fluid through the needle track in the cornea 
after the injection because the movement of the needle m the extensive slitting of the lens 


21 von Sallmann, L Sulfadiazine Iontophoresis in Piocvaneus Infection of Rabbit Cornea, 
Am J Ophth 25 1292, 1942 

22 Dr Karl jMejer and his co-workers provided a regular supply of penicillin It was 
prepared m his laboratory from the culture of Pemcilhum notatum by chloroform extraction 
and precipitation of the free acid by light purified petroleum benzine (Meyer, K , Chaffee, E , 
Hobby, G L , Dawson, AI H , Schwenk, E, and Fleischer, G On Penicillin, Science 96 20, 
1942) In most instances a weighed amount of the free acid was converted to the sodium 
salt by' adding a drop of alcohol and finally dissolving the material in sodium bicarbonate- 
carbon dioxide buffer 

23 The technic of the corneal bath and that of iontophoresis were the same as those used in 
experiments on B pyocyaneus keratitis 

24 Florey, H W , A.braham, E P , Cham, E , Fletcher, C M , Gardner, A D , Heatlei, 
N G, and Jennings, M A Further ObserAations on Penicillin, Lancet 2 177, 1941 

25 Thygeson, P Personal communication, cited by Hobby, G , Meyer, K, and Chaffee, E 
Chemotherapeutic Actuiti ot Penicillin, Proc Soc Exper Biol Med 250 285, 1942 
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capsule enlarged the opening All experiments and treatments were performed with the e}e 
under anesthesia induced by 0 1 per cent nupercaine hydrochloride 

The size of the inoculum as estimated by plate counts of appropriate dilutions of the broth 
culture in each series varied widely The minimal number of organisms injected was calcu- 
lated to be 250 to 70,000 In general, 0 05 cc of a lO"^ dilution of a twenty-four hour broth 
culture was given The purity of the culture was lepeatedly controlled by plating and the 
types with specific antiserums The virulence of type III, which was used ovei a longer period, 
was increased several times by passage through mice 

Treatment was started six and twelve hours after inoculation in the first group and six 
hours after inoculation in the second group The inflammatory symptoms after six hours 
in the first group varied, chiefly according to the number of organisms and the virulence of the 
strain, from the presence of a marked Tyndall sign and numerous circulating and deposited 
cells to that of fibrinous or cellular exudate which covered parts of the pupil and of the ins 
The signs twelve to thirteen hours after injection were generally those of a much more 
advanced iritis The inflammation due to type VII was especially violent In about 60 per 
cent of the experiments with this type the anterior chamber was almost completelj'' filled 
with a fibrinous or gray opaque exudate at the time of the first treatment The severity 
of the infection was indicated by marked chemosis In 2 control experiments in which 0 05 cc 
of sterile broth was injected into the anterior chamber, a few cells were seen in the aqueous 
and on the surface of the lens for about twenty-four hours In the second group a fibrous net- 


Table 1 — Results of Sulfadtastne and Pemcillm T'leaiment Begun Stx Hows After 
Injection of D Pneumoniae Types III and X 
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work covered the cataractous lens m 8 umnoculated control eyes as well as in the inoculated 
eyes However, in the latter the other signs of inflammation were generally fully developed 
In all instances in which the inflammation was unequal, the worse eye was treated and the 
better retained as a control 

The severity of the clinical picture governed the period of treatment as well as the length 
and number of the lontophoretic applications and of the corneal baths In the six hour experi- 
ments one treatment of five minutes was given on the first day, repeated on the morning of 
the second day and supplemented by a three minute application in the afternoon In the twelve 
to thirteen hour experiments the eyes were treated twice on the day following the inoculation 
for five and three minutes, respectively Treatment was continued from two to six days in all 
experiments Generally the number of applications of penicillin and the application time were 
reduced on the second or third da}', and further therapy depended on the response of the infection 
to the treatment As a rule equal numbers of eyes were treated in each series with the corneal 
bath, with ionization in which 0 01 per cent solution was used and with ionization in which 
0 25 per cent solution was used In the second series of the infections with type VII, theiapy 
starting twelve to thirteen hours after inoculation, only iontophoresis was employed 

RESULTS 

Fust Gioup — Table 1 shows that local application and oral administration of 
sulfadiazine started six hours after inoculation generally did not prevent the 
development of a severe endophthalmitis The high concentration of the drug in 
the aqueous attained v ith iontophoresis controlled the infection in several instances 
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foi t^^o to thiee days, but was evidently not eftective enough after this period to 
prevent flare-ups which finally led to destruction of the eyeball There were 3 
exceptions Of twelve eyes, in only 1 , which received a small inoculum, did the 
inflammation cleai up completely In one rabbit the condition of both eyes improved 
consideiably but an insidious iiitis peisisted The 6 control eyes, which were 
influenced only by general tieatment, suppurated The results were the same with 
t3'^pe III and type X 

Penicillin applied six houis aftei inoculation stopped the infection with t3'pes 
III and X 111 all instances — that is, in 11 e3'es No i elapses occurred The treat- 
ment was continued on the ai'^eiage of two to foui da3'^s The 5 control eyes weie 
destroyed 113’' the infection 

Table 2 presents the lesults of a series of experiments with types III, VII 
and X in which there was a lapse of twelve to thirteen hours between the inocu- 
lation and the tieatment No attempt was made to use sulfadiazine because of the 
unfavorable results at an earlier stage of the inflammation In 25 of the 30 e3'es 


Table 2 — Results of Penicillin Tieatment Begun Twelve to Thu teen Hows Aftei 
Injection of D Pneumoniae (Types HI, X and VH) 
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the most advanced stages of endophthalmitis intensive treatment resulted m a 
final cuie (fig 1), even when a transient rise in the intiaocular pressure had 
increased the dimensions of the anterior segment of the e3'^eball The ectasia bulbi 
regiessed with the improvement of the inflammation, as the photographs 111 figuie 2 
show In the lost eyes the endophthalmitis ran the following course In an e3^e 
infected with type III and treated wnth a corneal bath the inflammation flared 
up on the third da3 and could not be controlled by more vigoious treatment The 
second failure occurred in an e3^e w Inch had 1 eceived an inoculum of appro\imateh 
4 300 oigainsms of t3pe X, lontophoretic treatment did not prevent the develop- 
ment ot an abscess m the vitreous, and the e3^e was subsequent]3’^ lost In the 
3 1 emaming 03 es wdnch were lost the violent inflammation caused by the ver3 
virulent strain of t\pe \^II w^as apparenth" too advanced to be improved b3'^ the 
therap^ Of 9 control e}es 7 were destro3ed In 1 control eye the infection did 
not take and in the other the iritis with h3pop3’’on cleared up spontaneousl3' 

Second Gioiip — Because of the discouraging results with sulfadiazine in e^es 
without injur3 to the lens the experiments with traumatic cataract were confined to 
the penicillin treatment oi e\es infected with tepes III and X Of 12 e3'es inocii- 
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lated with Upe III and treated with penicillin 3 were lost (table 3; The 3 
failures belonged to the first tentatne experiments carried out before it was 
learned that even if the inflammation appears checked macroscopicalh', intensne 
treatment should be continued for a few da\s It is probable that these eyes could 
hare been saved if lontophoretic treatment had been prolonged berond the third 



Fig 1 — Eftect of penicillin treatment begun tvehe hours after inoculation v ith D 
pneumoniae oi t\pc VII R indicates the treated and L the untreatea c\c, \ R and 1 E \ er e 
taken prior to the treatment and 2R ana 2L, 3 R and 3L and R and 4L after one, two and 
lour weet^, respectneh 

da} Tliree control e\es were lost m the usual course of infection Excellent 
results were obtained in the 9 eies inoculated with npe X and treated with 
penicillin e\en though the\ presented adranced stages of infection and m 2 instances 
a full} de\ eloped endophthaimiti' at the beginning of the treatment Two of the 
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3 control eyes showed a stage of panophthalmitis after twenty-tour hours, and 
all control eyes were destroyed 

Experiments on Othei Types — In order to consider the more frequently found 
types not studied in experiments on rabbits, types VI, XIV, XIX and XXIII 
were examined in vitro foi then sensitivity to penicillin Fleming’s dilution 
method was employed m accordance with Hobby’s demonstration of its superi- 
oiity over the Oxford ring technic for sterile material In all examined types 
growth was inhibited in the same lange with the same sample of penicillin salt 
The results did not differ appreciably fiom those obtained in vitro with types III 
and VII Preparations of the penicillin salt routinely showed an activity of 0 15 
to 0 3 microgram per cubic centimetei against 2,000,000 to 4,000,000 pneumococci 
of single strains of the various t 3 ^pes 

COMMENT 

Fleming, in 1929, first noted the antibacterial action of a strain of a Penicillium 
notatum against many gram-positive organisms He called the active agent 


Table 3 — Results of Pemcilhn Tieaiment Begun Six Hours After Injuiy of the Lens 
and Infection of D Pneuniomae (Types III and X) 
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* One eje nas treated by corneal bath, 1 lontophoreticallj nith 01 per cent solution of penicillin salt 
and 1 lontophoretically with 0 25 per cent solution of penicillin salt 


penicillin and suggested its application to infections due to susceptible organisms 
In the last three years the chemotheiapeutic activity of penicillin was extensively 
studied in vitro and in vivo by several groups of investigators (Cham and associ- 
ates,"® Florey and collaborators and Dawson and associates “®) Florey and his 
co-workers pointed out a great strain difference in the sensitivity of pneumococci 
to penicillin Hobby and her collaborators found that pneumococci were 
destroyed more rapidly than hemolj^tic streptococci Among the studies of the 
clinical use of penicillin is the report of Florey and associates of the effective 

26 Fleming, A On the Antibacterial Action of Cultures of a Penicillium, with Special 
Reference to Their Use in the Isolation of B Influenzae, Brit J Exper Path 10 226, 1929 

27 Dr Gladys Hobby gave practical advice in the application of th s method 

28 Cham, E , Florej', H W , Gardner, A D , Jennings, M A , Orr-Ewing, J , and 
Sanders, A G Penicillin as a Chemotherapeutic Agent, Lancet 2 226, 1940 

29 Dawson, M H , Hobby, G L , Meyer, K, and Chaffee, E Penicillin as a Chemo- 
therapeutic Agent, J Chn In\ estigation 20 434, 1941 

30 Hobb^, G L . Meyer, K., and Chaffee, E Actnity^ of Penicillin in Vitro, Proc Soc 
Exper Biol &. Med 50 277, 1942 
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tieatment of corneal ulcer in 2 cases and of conjunctivitis in 2 cases So far as 
I know, other clinical or experimental observations on penicillin theiapy of infec- 
tions of the bulbus have not been published to date 

The results of the penicillin treatment of experimental mtiaoculai infections 
with strains of pneumococci of types III, VII and X and the notable antibactei lal 



Fig 2 — Effect of penicillin treatment begun twelve houi s after inoculation v ith D pneumoniae 
of type VII R indicates the eye successfully treated despite development of secondary glaucoma 
with enlarged anterior segment and L the untreated ej e , I R and 1 L were taken prioi to 
treatment and 2 R and 2 L, 3 R and 3 L and 4 R and 4 L aftei one, two and four weeks, 
respectively 

action of penicillin in vitro on stiains of the other tjpes frequently found m the 
eye justify an optimistic point of mcw in regaid to the clinical application of 
penicillin in the treatment of oculai pneumococcic infection The activity of penicillin 
111 severe pneumococcic endophthalmitis will be more appreciated wdien it is 
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compaied with the failuies of sulfadiazine treatment in the present senes These 
have their analogy in the unsatisfactoiy results of general sulfapyi idine (2-[para- 
aininobenzenesulfonamidoj-pyiidine) theiapy in expei iniental pneumococcic ulceis 
in rabbits as repoited b}'^ Chamberlain Venco studied sulfonamide compounds 
m the treatment of experimental intiaoculai infections with pneumococci of types I, 
II and III Tieatment was begun at the time of infection, but the lesults in his 
small series can scarcely be evaluated, because of tbe questionable couise in the 
contiol eyes 

The clinical effect of sulfapyi idme tieatment in 2 cases of pneumococcic ulcer 
w as called of doubtful significance by Gu)don and W oods In 4 of 6 cases of 
pneumococcic corneal ulcer observed by Chambei lain systemic tieatment wnth 
sulfapyndine was apparently wnthout effect, and in the lemaimng cases the lesuIts 
w ei e not convincing Bellows mentioned 2 cases of pneumococcic serpent ulcei 
m which eaily chemotherapy with sulfonamide compounds did not stop the 
piogression On the othei hand, the first favoiable repoits by Bailey and Saskin,®^ 
Roggenkampfer and Rosengren on the treatment of serpent ulcei wnth sulfon- 
amide compounds cannot be judged adequately because of the absence of bac- 
tei lologic identification In 1 case of pneumococcic endophthalmitis Gu) ton 
lound sulfanilamide therapy ineffective 

In some of the present series of expei iments the initial good effect of the 
combined sulfadiazine treatment lasted foi a few^ days But usually a heav) 
exudate developed later and no fuithei treatment could pi event the destiuction of 
the e}e In a rabbit infected with type III, the inflammation became w'Oise in 
spite of intensive sulfadiazine treatment of both eyes and feeding of sulfadiazine 
ovei a period of four days Then penicillin w^as applied to the moie seveiely 
affected eye The iritis wnth hypopyon and other signs of inflammation cleaied 
up aftei two treatments, and the eye returned to noimal aftei six dajs The 
other eye was destioyed by the infection In a second rabbit combined sulfa- 
diazine tieatment greatly improved the inflammation in both eyes, but an insidious 
iiitis persisted, with numerous cells in the anterioi chambei, swelling and hypeiemia 
ot the ins and posteiior synechias Two applications of penicillin to one eye 
nineteen days aftei inoculation and to the other thiity-five dajs aftei inoculation 
cleaied the anterioi chamber of the residual symptoms Florey and his collabo- 
lators demonstrated the significant differences between the action of the sulfon- 
amide compounds and penicillin Of special beaiing is tbe finding that hydiohtic 
piotem breakdown products or products of tissue autoljsis oi pus do not affect 
to any appieciable degree the bacteriostatic action of penicillin, wheieas they 
annul that of the sulfonamide compounds in vitro Whethei this diffeience, in 
addition to the higher bacteriostatic powei of penicillin, explains the dissimilar 
effects of these tw o foi ms of chemotherapy in the eye cannot be decided 

31 Cliamberlain, \\ P , Jr Treatment of Pneumococcic Corneal Lesions with Sulfa- 
p\ ndine Arch Ophth 27 869 (Mav) 1942 

32 Gueton, J S and Woods, \ C Advances m the Use of Sulfanilamide Compounds 
in Ophthalmology, Am J Ophth 24 428, 1941 

33 Bellows, J G Chemotherapy in Ophthalmolog\ Tr Am Ophth Soc 47 19 1942 

34 Baile\, J H, and Saskin, E Treatment of Corneal Ulcer with Sulfanilamide, Arch 
Ophth 22 89 (Julj) 1939 

35 Roggenkampfer W Hornhautulkus und Prontosil, Klin lifonatsbl f Augenh 103 
211 1939 

36 Rosengren, B Treatment of Ulcus Serpens Corneae with "M & B 693, Acta ophth 
17 209, 1939 

37 Gu\ton J S The Use of Sulfanilamide Compounds in Ophthalmolog\ , Am J Ophth 
22 833, 1939 
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Emphasis must be placed on the lesults of expeiimeiits with a twehe to 
thuteen houi mteival between the inoculation and the hist tieatment with penicillin 
■\t this time, 111 i\hich the end of the logaiithmic multiplication of the oiganisms 
would be leached in vitro, the stiuctuies of the anteiioi chambei show maiked 
changes, such as sw^ellmg and hypeiemia of the iiis, massive exudate of plastic 
and fibimous type and synechias Chemosis is often pionounced In one eye in 
wdiich peifoiation occuiied aftei twenty-foui houis, continued tieatment led to 
an excellent lesult 

Half of the few tiials of local tieatment with penicillin earned out when the 
clinical picture of suppuiation of the anterioi segment developed oi the anterior 
chambei was almost completely filled with exudate w^eie wuthout success Two 
e}es with abscess of the vitieous also did not lespond In this connection it is 
of mteiest that the Mtieous fluid of noimal eyes aftei local application of penicillin 
did not demonstiate aii}'^ bacteiiostatic actnity in vitio 

Accoidmg to common clinical expeiience and the histologic obsenations of 
K Lmdnei,^ the prognosis foi post-ti aumatic intiaoculai infections is much less 
favoiable wdien the lens is mjuied In the expeiiments in wdneh the lens was 
damaged (gioup II) the couise of the inflammation w^as somewdrat moie seiious 
than 111 the expeiiments with uncomplicated infections (gioup I), in which inocu- 
lation was followed by tieatment alter six houis How^ever, the endophthalmitis 
was less Moment than expected, a factoi which may be explained b> the spon- 
taneous healing of wounds of the capsule in labbits wnth the foimation of onl} 
a paitial cataract 

In the first expeiiments infection of the “needle tiack” m the coinea fie~ 
quently occuired, follow^ed by an infiltiation of vaiious extensions twent}-four 
houis latei in contiol eyes and in eyes tieated wuth sulfadiazine When penicillin 
tieatment w^as used infiltiation was not seen These obseivations suggest the 
effectiveness of penicillin theiapy m pneumococcic coineal infections 

Penicillin was intioduced by coineal bath and by lontophoiesis Despite the 
much highei concentiation found in the aqueous aftei lontophoiesis, no essential 
difteience was noticed in the effect of the twm foims of theiapy except when the 
inflammation was veiy severe The numbei of failures w^as about the same wuth 
the two types of tieatment, but geneially the eyes with the moie advanced infec- 
tion w^ere treated lontophoretically wuth a 0 25 per cent solution and the eyes w ith 
the mildest infection with corneal baths 

Both corneal bath and lontophoiesis have seveial disadvantages in clinical 
application For lontophoiesis some equipment is necessaiy This tieatment 
with the Birkhausei or van Heuven electiode cannot be applied without some 
coopeiation from the patient Childien, theiefore, cannot be treated lepeatedly 
In very painful eyes the pressure exerted by the tubes is not easily tolerated It 
IS probable that other forms of application, especially the use of wetting agents 
combined with penicillin, wall be more satisfactoiy in these respects than the 
ionization method and coineal bath How>'ever, preliminary experiments wath 
thiee whetting agents— zephii an (a mixtuie of high moleculai alkyl, dimethyl 
and benz3d ammonium chlorides), aerosol IB (dibutyl sodium sulfosuccinate) 
and penetrasol B (a mixture of aeiosol IB, xylene, antipyrine and piopylene 
glycol ®®) — did not fulfil these expectations 

Fuithei studies wall show what concentrations of penicillin can be used m 
human eyes In experiments on animals wath severe infections the tieatment 

38 Herrmann, F , Sulzberger M B , and Baer, R L New Penetrating Vehicles and 
Their Solvents, Science 96 451, 1942 
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was continued twice daily even after an abrasion caused by previous lontophoretic 
treatments with 0 25 per cent solution had occurred This epithelial damage 
healed m a few days without any residual opacity except in an eye in which a 
cloudy area remained in the center of the cornea for several weeks The abrasions 
which occasionally were seen after repeated lontophoretic treatments with 0 1 per 
cent solution were small and healed m one day 

SUMMARY 

1 Experimental intraocular infection caused by D pneumoniae, type III and 
type X, was not stopped oi was only temporarily improved by intensive local treat- 
ment with sodium sulfadiazine combined with sulfadiazine feeding when the 
treatment was initiated six hours after inoculation 

2 Severe intraocular infection caused by types III, X and VII was usually 
checked by local treatment with the sodium or the ammonium salt of penicillin 
in solutions of 0 25 per cent and 0 1 per cent even when this treatment did not 
start until twelve to thirteen hours aftei inoculation The local applications weie 
generally continued from two to foui days 

3 Intiaocular infection caused by the injection of types III and X with simul- 
taneous injury of the lens capsule was treated successfully with penicillin in most 
instances in which the treatment was started six hours after injection and continued 
five to six days 

4 The lontophoretic introduction of the penicillin salt m 0 1 and 0 25 per cent 
solutions was occasionally more effective than the corneal bath (0 25 per cent 
solution) when the infection was very severe 

5 If repeated lontophoretic applications of 0 25 per cent solution were used 
because of the severity of the infection, coineal damage was noticed in the form 
of a large abrasion which usually healed without residual opacity after a few days 

6 Strains of types VI, XIV, XIX and XXIII showed in vitro the same 
sensitivity to penicillin as the strains of types III and VII used in the infection of 
eyes of rabbits 

Miss J Di Grandi participated in all experiments and carried out the bacteriologic part 
of the study 

638 West One Hundred and Sixty-Eighth Street 
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The purpose of this papei is to describe a new suigical approach for the treat- 
ment of retinoblastoma (glioma of the retina) 

The results of enucleation of the eye in treatment of this tumoi have been dis- 
couraging An analysis of various series repoited in the hteiature is shown in 
the accompanying late table The aveiage survival late even for short follow-up 
peiiods IS only 18 per cent If the leports of Hiischberg and Wmterstemer ^ are 
discounted as perhaps not in accoid with the lesults of modern surgical technic, 
the statistics are somewhat less discoui aging (a cuie in 50 per cent of cases), 
although the most lecent repoit of all is the least favoiable (35 per cent of cures) 

Results of Enucleation of the Eye fot Retinoblastoma as Repoited in the Literature 


Cures 


Date 

Author 

^ollo^v up. 
Years 

Total 

Oases 

Number 

s 

Percentage 

1S6S 

Hirschhcrg 


75 

4 

5 

1897 

Wintersteiner 

2 

497 

65 

13 

1911 

Adam 


46 

26 

57 

1916 

Leber k* 


28 

16 

57 

1941 

Pari-hill and Benedict 

1 

31 

11 

35 


Grand total 


677 

122 

18 


Total for last three 


105 

53 

SO 


What IS widely lecognized as true but often minimized in the discussion of 
1 etinoblastoma is the tendency of the tumor to invade the optic nerve early and 
to extend backward within the confines of the nerve sheath to the intracranial 
cavity Heie it may spread into the chiasm and opposite optic nerve It invades 
contiguous brain and meninges and spreads widely via the subarachnoid space 

It must be stressed that the extension of the tumor into the optic nerve is the 
really important consideration For it is this process that goes on unseen, defying 
recognition by the routine methods of examination and preceding, as a rule, aii) 
extension through the sclera into orbital tissues and blood-borne metastasis to 
distant oigans 

Read before the Section of Ophthalmology, New York Academy of Medicine, April 19 

1943 

From the Department of Surgery of the New York Hospital and Cornell University 
Medical College 

1 (a) Hirschberg, J Anatomisch Untersuchungen ueber Glioma Retinae, Arch f Ophth 
14 30, 1868 (b) Wintersteiner, H Das Neuroepithelioma Retinae, Vienna, Franz Deuticke, 

1897 (c) Adam, C Statistisches, Klinisches und Anatomisches ueber das Glioma Retinae' 

Ztschr f Augenh 25 330, 1911 (d) Leber, T Die Geschwulstbildungen der Netzhaut, in 

Graefe, A , and Saemisch, E T Handbuch der gesamten Augenheilkunde, ed 2, Leipzig, 
Wilhelm Engelmann, 1916, vol 7, chap S (e) Parkhill, E M , and Benedict, W L Gliomas 
of Retina Histopathologic Study, Am T Ophth 24 1354, 1941 
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In an admnable study of 119 cases m which the eye had been enucleated for 
sjlioina (retinoblastoma) from which there had been “no extra oculai extension,” 
Reese ^ showed that in 63 (or 52 per cent) theie had been invasion of the optic 
nerve posterior to the lamina cnbiosa and in 51 the operative section vas distal 
to the extension of the tumor In other words, the operation failed to lemove the 
tumor in 43 per cent of the 119 cases The study showed further that the size 
of the growth m the globe had no bearing on the piesence oi degiee of extension 
m the nerve, and sometimes a relatively small retinal tumor was accompanied by 
neural extension 

It has been twenty yeais since Jean,^ writing about glioma of the letina (letino- 
blastoma), said, “It seems advisable that brain surgeons should attack these cases 
tiom within the biain skull] which they can do with reasonable safety” Yet 
since that time there have been reports of but twm attempts at this appioach to 
the treatment of letmoblastoma It is the puipose of this presentation to leopen the 
discussion of the intracranial operation as part of a combined procedure foi the cure- 
of patients with retinoblastoma and to repoit 2 cases illustrating the advantages of 
the procedure 

Doubtless many patients having extension of the tumor into the optic nerve 
could be cured if enough of the nerve was resected in addition to enucleation of 
the eye While it might be reasonably expected that sometimes nearly a centi- 
meter of the neive could be removed at the time of enucleation of the e 3 ’’e, actually 
the average length of the nerve found in Reese’s study " was 3 mm Some surgeons 
have advised exenteiation of the oibit so that more of the nerve may be lesected 
when its section at the time of enucleation has passed through tumor This moie 
ladical operation, besides being grossl}'^ disfiguring, would often fall shoit ot gning 
the desired result wdieii the nerve was invaded farther proximally 

Irradiation has been employed for some time in the treatment of the initial 
tumoi and the lesidual tumor in the optic neive following enucleation The recent 
leport by Mai tin and Reese® on the use of ii radiation in the tieatment of letino- 
blastoma is the most comprehensive statement to date on what can be expected 
tiom this foim of treatment These authors concluded that immediate enucleation 
of the eye is the safest plan if the tumor is unilateral If both eyes are involved, 
with loss of vision, bilateral enucleation is the procedure of choice, although if any 
Msion exists in one e)'e, they emplo}'^ enucleation of the woise eye and ii radiation 
ot the other The purposes for which irradiation is recommended are (1) tieatment 
of early growths in an attempt to conserve vision in one eye and (2) treatment of 
postoperative residual or recurrent tumors 

Little can be expected fiom the irradiation of lecuiient tumoi s that come to 
attention some time after enucleation of the eye But the practice of emplo 3 ang 
iriadiation promptly wdien microscopic examination of the enucleated e 3 ^e leveals 
that tumoi has invaded the optic nerve proximal to the point of operative section 
has much in its fai or Reese - and Martin and Reese ° have sti essed the value 
of this plan of tieatment and established dosages for the maximum ii radiation to 

2 Reese, A B Extension of Glioma (Retinoblastoma) into the Optic Ner\e Aich Ophth 
5 269 (Feb) 1931 

3 Jean, G W Discussion, Arch Ophth 51 505, 1922 

4 de Schweimtz, G E Diseases of the Eje, ed 10, Philadelphia, W B Saunders Com- 
pani 1924, p 536 

5 Martin, H E , and Reese A B Treatment of Retinoblastoma (Retinal Glioma) 
Surgicalh and b\ Irradiation, Arch Ophth 27 40 (Jan ) 1942 

6 Martin H E and Reese, A B Treatment of Retinal Ghomas by Fractionated or 
Dnided Dose Principle of Roentgen Radiation Preliminary Report, Arch Ophth 16 733 
(Xo\ ) 1936 footnote 5 
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be en-iplo}ed They recommended foi both postopeiative residual and lecunent 
giowths the admmistiation of 7,000 to 9,000 i ovei a thiee to foui week peiiod, 
followed b} mtiaoibital implantation of ladon seeds piovidmg 5 to 10 milhcuiies 
Then figures on a series of 6 cases show that if irradiation is instituted immediately 
aftei enucleation, when tumor is discovered m the lemammg pait of the lesected 
optic neive, the patient has a 66 pei cent chance of cure If giowth of the tumoi 
occuis aftei the initial couise of therapy, no fuithei iriadiation can be given foi 
feai of its causing necrosis, m fact, in 1 of their cases (case 20) fatal meningitis 
developed aftei exenteration of the oibit and implantation of radon seeds m the 
optic neive 

While the lesults from enucleation of the eye combined with niadiation of the 
involved optic neive stump are an improvement over those obtained fioni eilhei 
enucleation oi iiiadiation alone, theie is justification foi seeking methods that 
may proAide still bettei lesults It has not yet been made cleai what the principal 
leasons aie foi failuie m those patients who have had the combined treatment, but 
It may be sui mised that many of the failui es occiii m those with neoplastic extension 
that has piogiessed to a point in the optic nerve wheie iiiadiation is not effectn e 
From the beginning the obstacle m the path of cure of moie patients with letmo- 
blastoma has been the inability to lemove suigically oi affect adequately b}’' iiiadia- 
tion that pait of the invaded optic neive that cannot be i cached thiough the orbit 

The^ seemingly obvious adjunct to the loutine procedures employed by the 
ophthalmologist is mti acranial lesection of the optic neive Jean'^ lays the blame 
on the ophthalmologist foi not seeking the aid of the neuiosuigeon, but peihaps 
the lattei is as much to blame for not taking some initiative in the mattei 

The fiist lecorded use of intiacianial lesection of the optic nerve invaded by a 
1 etinoblastoma is m the case of Dott and Meighan ® The patient was a child of 
unspecified age in whom the tumor filled the enucleated eye though it did not 
traverse the scleia But piesumably tumoi had been left in the optic nerve, since 
an “attempt” was made to lemove moie of the nerve through the orbit seven days 
aftei enucleation Latei ladium was used, and still latei the lemamder of the optic 
neive up to the chiasm was lemoved intracranially “The region became infected 
but this latei subsided,” and the child's health was lepoited excellent one yeai 
latei 

The other case of this kind is that reported by Rand” in 1934 In a giil of 
4 years and 7 months enucleation of the eye was followed by local recuirence of the 
tumoi 111 the orbit, but an intact conjunctiva coveied the tumor anteriorly Thiough 
an mti acranial approach the orbit was unroofed, the nerve resected back to the 
chiasm and the intraorbital mass removed Accidental disiuption of the con- 
junctiva anteriorly provided a poital for infection and a cei ebi ospinal fluid fistula 
through the orbit was followed by meningitis and death 

Bennett^” attempted avulsion of the optic neive through the orbit, causing such 
ti auma to the chiasm that postoperative hemianopsia developed m the remaining e} e 

Perhaps these accounts affoided little incentive for other suigeons to attempt 
removal of the intracranial poition of the optic neive, but it can hardly be said 

7 Jean G W Glioma of the Retina, Correspondence, JAMA 100 1793 (June 3) 

1933 

8 Dott, N M , and Meighan, S Intracranial Resection of the Optic Nerve in Glioma 
Retinae, Am J Ophth 16 59, 1933 

9 Rand, C W Glioma of the Retina Report of a Case with Intracranial Extension 
Arch Ophth 11 982 (June) 1934 

10 Bennett, H P Case of Primary Intradural Tumoi of the Optic Nerve, Brit M J 
1 1041, 1905 
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that the ciicumstances in any of the cases weie ideal for a good lesult The use 
of the intracranial operation in conjunction with enucleation of the eye should be 
carefully planned in such a way as to avoid the two chief threats to a successful out- 
come, namely, incomplete removal of the tumor and serious infection 

It is believed that the following 2 cases demonstrate a relatively safe and promis- 
ing combined procedure for the total lemoval of the eye and its optic neu'e 

Case 1 — S W , a 6 month old girl, on the recommendation of Dr Irvmg J Hausemann, 
was admitted to the New York Hospital in June 1942 because of recent convulsions Her 
birth had been unremarkable and her development normal The family history was riot 
important Some of the attacks were characterized by sudden turning of the head to the right, 
stiffening of all extremities and failure to respond In other attacks the child would raise 
the arms over the head and become limp, so that the head would fall forward if she \\as held 
upright At the same time she would turn the head aimlessly from side to side, stare vacantly 
and drool from the mouth During these attacks, which lasted one to two minutes, there were 
no convulsive movements or cyanosis, and recovery was complete and prompt at the end of 
each attack The attacks occurred from two to five times daily 

Examination revealed the baby to be healthy, with no abnormalities except a tumor of the 
right retina Blood counts and chemical examinations of the blood gave normal results The 
spinal fluid and roentgenograms of the skull were normal 

The right eye appeared to be normal in every way but for a rounded, elevated, grayish 
white mass in the retina to the temporal side of the optic disk The mass was oval, apparently 
solid, well demarcated and slightly larger than the disk and had a fine capillary blood suppl> 
over its surface The consensus of all the examiners, including several ophthalmologists and 
neurologists, was that the tumor was in all probability a retinoblastoma Intracranial extension 
was considered a possible cause for the convulsions 

On July 10, with open mask ether anesthesia, a craniotomy was performed through a 
small, frontotemporal incision on the right The brain and meninges exposed vere normal 
in appearance The right frontal lobe was elevated to expose the optic nerves and chiasm 
These were normal m appearance, and that portion of the right optic nerve between the 
chiasm and the optic foramen was resected The right optic foramen was plugged with a bit 
of muscle, and the wound was closed But for moderate fever on the first two dajs the 
child’s condition was excellent, and the postoperative course was uneventful 

The resected fragment of optic nerve measured 8 mm and failed to show any abnormality 
on microscopic examination 

On July 23, with open mask ether anesthesia, the right eye was enucleated The conjunctiva 
was incised, and the extraocular muscles were divided at their insertions into the globe After 
being freed from Tenon’s capsule, the eyeball, together with the remaining portion of the optic 
nerve (about IS cm), was lifted aw'ay with the enucleation spoon The fascia was sutured 
posteriorly and Tenon’s capsule sutured over a gold ball implant The muscles w^ere brought 
together with sutures in front of the implant, and the conjunctiva was closed 

The postoperative course w'as uneventful, and the child left the hospital in good condition 
ten days later 

Pathologic examination of the enucleated right eye show'ed an unusual type of glioma, 
wdiich w'lll be the subject of a separate report 

There is perhaps a point of debate about the exact nature of the retinal tumor 
in this case In the six months since operation the child has had some convulsions, 
even with anticonvulsant medication, and epilepsy can definitely be diagnosed The 
underlying cause may be tuberous sclerosis (epiloia), and the retinal tumor may 
be considered to have been related to this disease However, the indications for 
enucleation of the eye had been definite enough m the beginning, and the two stage 
operation employed for total resection of the optic nerve, together with the removal 
of the eye, demonstrated the comparative ease and safety with ■which such operations 
can be performed 

Case 2 — S R, an 11 week old girl, referred by Dr Bernard Samuels and the New York 
Eye and Ear Infirmary, w'as admitted to the New' York Hospital Dec 12, 1942 The child's 
birth and early development had been normal, but at the age of 6 weeks an unusual color 
of the right pupil w'as noted bj the mother A week later, w’hen a phjsician was consulted, a 
diagnosis of retinal tumor of the right e%e was made, and this was concurred m bj all 
subsequent examiners 



RAY-McLEAK— RETINOBLASTOMA 


441 


Examination re%ealed the infant to be small, listless and somewhat undernourished looking 
The head was moderated as\mmetric and the scalp and face seborrheic The abdomen was 
distended, and there was congenital deformitj of some of the toes 

The right eve showed the characteristic changes due to a retinal tumor The pupil gave 
a reddish jellow reflex, was dilated and did not react to light The tumor filled the vitreous 
cavitj, causing moderate secondarv glaucoma and slight corneal edema The left eve was 
normal 

After transfusion the child’s condition seemed suitable for operation 

On December 15, with open mask ether anesthesia, a craniotomy was performed through 
a small, frontotemporal incision on the right side The exposed meninges and brain were 
normal in appearance, as were tlie optic nerves and chiasm when seen after elevation of the 
trontal lobe The intracranial portion of the optic nerve measured about 1 cm from optic 
foramen to chiasm, and this portion was resected The stump of the distal fragment ot the 
optic nerve was coagulated with the electrosurgical unit and the foramen plugged with a piece 
of muscle The wound was carefully closed There was moderate fever for the first two 
davs after operation, but thereafter the course was uneventful 

The resected fragment of nerve measured 1 cm and failed to show any abnormality on 
microscopic examination 

On December 28, with open mask ether anesthesia, the right e 3 'e was enucleated The 
conjunctiva was incised, and the extraocular muscles were divided at their insertions into the 
globe After being freed from Tenons capsule, the eveball, together with the remaining 
optic nerve (about 1 5 cm ), was lifted awaj with the enucleation spoon Posterior and anterior 
purse string sutures closed Tenon’s capsule over a gola ball implant The muscles were brought 
together with sutures m front of the implant, and the conjunctiva was closed 

Pathologic examination showed that the eje was filled with a tvpical retinoblastoma which 
reached, but did not extend along, tlie optic nerve 

A\'hile the microscopic examination of the optic nerte did not show that the 
tumor had mv^aded the optic nerve, there was no way of predicting this prior to 
operation The child’s general condition was none too good to begin with, never- 
theless both operations were carried out with minimal reaction There is little 
experience to go on m judging the ability of an infant without intracranial disease 
to withstand intracranial operation, but resection of the optic nerve, judging from 
this and the previous case, should be attended by little morbidity or risk to life 

THE OPERATIOX 

The intracranial operation is performed through a comparativ’-ely small cuta- 
neous incision, like that routinely employed by neurosurgeons in the “hypophv sial 
approach ” It begins just in front of the ear and curv^es upward and forward to 
end at or just m front of the hairline of the forehead (fig 1, inset) The skin and 
galea are stripped from the temporal fascia and periosteum and retracted anteriorlv 
A small bone flap is made so that the anterior cut borders the supraorbital ridge 
as far laterally as possible, and the inferior cut is well down under the temporal 
muscle tow ard the zj'goma A little bone remov’^ed here wnth a rongeur after reflec- 
tion of the flap facilitates the exposure In infants the dura is adherent to the 
skull along the line of the coronal suture, which passes through the approximate 
center of the bone flap Care must be taken, therefore, not to tear the dura or distort 
it unduly in elevating the bone 

The dura is opened by curvang the incision just mside the anterior and temporal 
margins of the bony aperture The posterior extent of the incision m the temporal 
region should trav'^erse the middle meningeal arterj'-, which requires coagulation or 
clipping The frontal lobe is gradually retracted away from the floor of the frontal 
fossa, and the cisterna chiasmatis is evacuated A good vnew of the optic nerve, 
chiasm and ev^en the opposite nerve can be obtained without fear of damaging 
the brain, though special care must be taken to av oid injuring the olfactorj' nerv^es 
(fig 1 a) 
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The arachnoid is stripped awa)^ from the optic neive and a small nerve hook 
passed under to free it all around and isolate it from the adjacent carotid arterj, 
which lies partly beneath and lateral to the neive (fig l,b) The nerve is first 
tiansected at its junction with the chiasm Then, while it is held on slight traction 
with a forceps, it is transected at the optic foramen Neither of these sections is 
attended by more than slight vascular oozing, which can be conti oiled m the case 
of the chiasmal stump by light tamponade with a cotton pledget foi a few moments 
The ocular end of the neive tends to retract into the foramen Both the dural 
lining of the foramen and the nerve end are now coagulated by applying the electi o- 



Fig 1 (case 2) — Operative sketches showing the intracranial resection of the optic nerve 
Ihe optic nerves, chiasm and adjacent structures arc exposed by elevation of the frontal lob^ 
ot the brain (a) The optic ner\e is freed fiom the optic foramen to the chiasm (b) The 
inset shows the incision on the scalp and outline of the bone flap After resection of the optic 
ner\e, the stump of the remaining nerve is coagulated in the foramen (c) The optic foramen 
IS plugged with a piece of muscle to prevent leakage of cerebrospinal fluid after enucleation of 
the c\e with the remaining portion of the nerve (d) 

suigical unit to a metal nerve hook passed into the foramen (fig 1 cj A. small 
piece ot temporal muscle is firmly packed into the optic foramen to seal it oft from 
the subarachnoid space (fig 1, d) An alternative method is to tuin down a lappet 
ot dura to cot er the forammal opening but this may be attended In some bleeding 
which is to be avoided if possible 
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In the closure, the duial margins are appi oximated and the replaced bone is 
held in position hy one or two silk sutures passed through small drill holes The 
temporal fascia, galea and skin are separately sutured with interrupted stitches of 
silk 

With infants and young children open mask ether anesthesia is prefeiable and 
an intravenous infusion of suitable fluids should be employed throughout and after 
the operation 

The secondary operation, enucleation of the eye with simultaneous removal of 
the lemaming part of the nerve, has been carried out twelve and thirteen days 
latei It varies from the ordinary enucleation in a few particulars All six extra- 
ocular muscles aie tenotomized at their scleral insertions, but the optic nerve is not 
cut Instead, an enucleation spoon is slipped behind the globe around the nerve, 
and the entire eye, optic nerve and neive sheath are delivered intact by traction 
(fig 2) Figure 3 shows how completely the optic nerve sheaths are removed with 
the nerve Closure and prosthetic implantation are done in the usual manner If 
too large a hole has been torn in Tenon’s capsule posteriorly, a small puise string 
suture suffices to close it so that the implant will not slip out of position posteriorly 

COMMENT 

The suigical piocedure described is advocated in an effort to save that group 
of children who die from intracranial extension of retinoblastoma after inadequate 
treatment by enucleation of the eye In spite of efforts to remove longer portions 
of the optic nerve by the orbital route, experience has shown that the operation of 
enucleation imposes limitations on the amount of nerve that can be resected Reasons 
for avoiding exenteration of the orbit and foi avoiding secondaiy intracranial opera- 
tion have been given The two choices remaining seem to be the procedure described 
here and that advocated by Martin and Reese Experience with their method is 
still too limited for the drawing of sound, statistical conclusions Since about half 
the eyes that are enucleated show extension down the nerve, and since immediate 
institution of heavy postoperative irradiation seems to save about two thirds of 
these, the expectation on the basis of present figures is about 80 to 85 per cent 
of cures We cannot draw any statistical conclusions on the basis of our 2 cases 
The lelative merits of the two technics can be judged only when enough patients 
have been treated by each method and followed for a sufficient time thereafter 
Some surgeons always prefer a radical surgical attack on malignant processes, 
others tend toward less radical surgical intervention plus irradiation It might be 
added that m the treatment of retinoblastoma irradiation could still be employed 
after a radical surgical procedure, but the reverse would not be so safe or so 
satisfactory 

Perhaps the most important consideration in the proposed two stage operative 
lemoval of the eye and its entire nerve is the operative mortality to be expected 
Doubtless until the contrary is proved it ivill be anticipated by many ophthal- 
mologists that the mortality rate resulting from the procedure will outweigh the 
advantages There are no statistics which aie of assistance in pi edetermimng the 
mortality rate, but it may be said that infants and young children on whom these 
operations vill be performed stand simple intracranial operations, as well as 
successive operations, suiprisingly well provided the necessary precautions in 
preoperatne and postoperative care are employed Two unnamed neurosurgeons 
cited by Jean ^ have stated that the risk of the intracranial resection of the optic 
ner^ e “should be A^erj small,” “2 per cent or thereabouts ” We feel that the intra- 
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cranial operation should be attended by an operative moitality no greater than 
5 per cent and probably considerably less than that 

It might be possible on some of the oldei children for one to perform both the 
intracranial and the orbital opeiation at one time, thus avoiding the longer hospital 
stay and the slightly greater dangei of two anesthetics This method was recom- 
mended by Rand However, two short operations should be better withstood 
by an infant than one longer and more extensive Also, the sealing off of the 
optic foramen would be more neaily assured if a little time was allowed to elapse 
before the orbital part of the nerve was removed 

The practice of performing the intracranial resection of the nerve first has 
certain advantages and disadvantages The chief disadvantage is that in about 50 per 
cent of the cases the operation will have been performed needlessly, that is, in 
those m which it is eventually found that any extension of the tumor into the nerve 
could have been readily removed at the time of enucleation But it is certain that 
the difficulties of the operation and the dangers to life are considerably increased 
if the intracranial opeiation is resorted to after it has been discovered that tumor 
remains in the optic nerve after enucleation of the eye There is the distinct danger 
of causing meningitis if the. orbital portion of the nerve is pulled back into the 
cranial cavity after a recent enucleation in which there has been potential if not 
frank contamination of orbital tissues There is the possibility that the nerve, 
considerably thickened by tumor, cannot be pulled back through its canal In this 
case, unroofing of the canal and orbit would greatly add to the dangers of the 
operation Also, any delay between the primary enucleation and secondary intra- 
cranial operation would make extension of any remaining tumor from the nerve 
into adjacent orbital tissues, or farther toward the brain, more of a possibility than 
it would be if the procedures were reversed It is believed that coagulation of the 
stump of the optic nerve in its canal and plugging of the optic foramen as carried 
out 111 the initial intracranial operation will prevent intracranial extension of the 
tumor In addition, coagulation of the nen’^e end should for a time prevent local 
extension of the tumor within the orbit In short, the intracranial resection of 
the optic nerve as the initial operation has everything to recommend it except 
that in about half the cases it will have been performed needlessly 

The advisability of enucleation of both eyes in the presence of bilateral retinal 
tumor IS perhaps debatable, but if it should be resorted to, both nerves could be 
resected intracranially at one preliminary operation 

SUMMARY AND CONCLUSION 

In retinoblastoma the most important consideration is the extension of the tumor 
into the optic nerve It is believed that in nearly 50 per cent of the cases the 
standard operation of enucleation of the eye is inadequate Exenteration of the 
orbit, or secondary intracranial resection of the optic nerve, is unsatisfactor}^ 
The prompt irradiation of residual tumor in the optic nerve after enucleation has 
improved the results, however, the best results of this treatment fall short of 
cure m at least 15 to 20 per cent of cases 

It IS proposed that a combined, or tw'^o stage, intracranial and orbital removal 
of the eye and the entire optic nerve offers the greatest possibility of cure in 
cases of retinoblastoma TLwo cases of retinal tumor are reported in which this 
method of treatment was employed 

525 East Sixty-Eighth Street 
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The purpose of this paper is thieefold first, to call attention to a compai atively 
rare type of chronic inflammation of the extraocular muscles known as idiopathic oi 
pi imary chronic orbital myositis , second, to suggest a simple test foi its detection, 
and, thud, to report 4 cases studied at the Institute of Ophthalmology, Presb)fterian 
Hospital, New York 

By way of introduction it may be stated that chionic inflammatoi}^ or degeneia- 
tive changes in the extraocular muscles have been leported in the following con- 
ditions (1) syphilis of the orbit, (2) tuberculosis of the orbit, (3) myasthenia 
gravis, muscular dystiophies and degeneratn^e myositis of fatty, amyloid, vascular 
or tiaumatic origin, (4) exophthalmic goiter, before and aftei thyroidectom} , and 
(5) apparent good health (idiopathic form) 

Because of the larity of syphilitic and of tubeiculous oibital myositis and the 
ease with which the correct diagnosis can usually be made, no attempt will be made 
to discuss these forms here The reader is referred to OfTret,^ who has i epoi ted in 
detail then clinical and pathologic characteristics Orbital myositis associated with 
myasthenia gravis and the muscular d 3 'sti opines, togethei with the rare degeneiative 
types (fatty, amjloid, Aasculai or traumatic), will also be excluded fiom 
consideration 

Reports of the histologic changes occuning in the extraoculai muscles in 
exophthalmic goitei before th 3 a oidectomy are rather few, but have been contiibuted 
by Moore," Sinelzer,^ Benedict,^ Wilson,® Dudgeon and Uiquhart,® von Zalka,^ 
Friedenwald ® and otheis® Most recent knowledge of such changes, howe^el, has 

Read before the New York Academy of Medicine, Section of Ophthalmologv, IMaich 13, 1943 

1 Offret, G Les myositis orbitaires. Pans, Gaston Doin & Cie, 1939 

2 Moore, R F Exophthalmos and Limitation of Eye Movements in Gra\es’ Disease, 
Lancet 2 701, 1920 

3 Smelzer, G K A Comparative Study of Experimental and Clinical Exophthalmos, 
A.m J Ophth 20 1189, 1937 

4 Benedict, W L , and Knight, M S Inflammatory Pseudotumor of the Oi bit, Arch 
Oplith 52 582 (Nov) 1923 

5 Wilson, L B , cited by Plummer, W A , and Wilder, R AI Etiology of Exophthalmos 
•\rch Ophth 13 833 (May) 1935 

6 Dudgeon, L S , and Urquhart, A L Lymphorrhages in the Muscles in Exophthalmic 
Goiter, Brain 49 192, 1926 

7 \ on Zalka, E , cited bv Thomas and Woods “ 

8 Friedenwald, J S Orbital Mjositis and Choked Disc in Exophthalmic Goiter, Ann 
Surg 96 995, 1932 

9 (a) Fisher, C, m discussion on Parker, W R Double Luxation of E\eballs in a Case 

oi Exophthalmic Goiter, Tr Am Ophth Soc 19 129, 1921 (5) Ellctt, E C Lnilatcial 

Exophthalmos, JAM 116 1 (Jan 4) 1941 (c) Stallard, II B Exophthalmic 

Ophthalmoplegia with Thvrotoxicosis, Brit J Ophth 20 612, 1936 (4) Krantz D, and 

Mothle, \V Exophthalmos in Hvpertln roidism. Am J Ophth 12 527, 1941 
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come fi om cases of so-called malignant exophthalmos, which has been well described 
by Burch,’" Thomas and Woods,” Naffziger,” Ellett,"’’ Smelzei ^ and others ” 

When one eliminates from discussion all cases of chronic orbital myositis of 
known cause there remains a small group of cases in which the cause is not known 
and the condition therefore merits the name of idiopathic, oi primary, chronic 
orbital myositis 

IDIOPATHIC CHRONIC ORBITAL MYOSITIS 

Chronic oibital myositis of the primaiy type is a compaiatively rare condition 
of the exti aocular muscles of unknown cause It is characterized histologically by 
lymphocytic infiltration, fibrosis and degeneration of muscle fibers Grossly, the 
muscles are pale, enlarged and cartilaginous, and they cut with a gritty feeling 
Clinically, it produces edema of the lids, exophthalmos and limitation of ocular 
motility 

This clinical and pathologic pictuie has been leported a number of times m the 
literature under a variety of names, for example, idiopathic myositis,’"’ oibital 
myositis,’ Zenker’s waxy degeneration,’ pseudotumor ’ and exophthalmic ophthal- 
moplegia Most case reports, however, have been published under the title of 
chronic oibital myositis (French), pseudotumor (Geiman, English and American) 
or exophthalmic ophthalmoplegia (English) 

According to Michail and Rusu,’" the first case report in the literature was made 
by Busse and Hochheim in 1903 These observers failed to note that Gleason,’"’ of 
this country, reported a case in the same year, fully describing the clinical and 
histologic obseivations Since then a number of case reports, mostly m the French 
and German literature, have been added, geneially under the title of pseudotumor 
In 1909 Birch-Hirschfeld ” reviewed the literature on pseudotumor and added some 
case reports of his own In 1923 Benedict and Knight"* were able to find only 5 
additional case reports of pseudotumor, all of which were in the foreign hteiature 

10 Burch, F E Exophthalmos of Graves’ Disease, Minnesota Med 12 668, 1929 

11 Thomas, H M, and Woods, A C Progressive Exophthalmos Following Thyroi- 
dectomy, Bull Johns Hopkins Hosp 59 99, 1936 

12 Naff^igcr, H C Progressive Exophthalmos Associated with Disorders of the Thyroid 
Gland, Ann Surg 108 529, 1938 

13 (a) Merrill, H G , and Oaks, L W Extreme Bilateral Exophthalmos, Am J Ophth 

16 231, 1933 {]}) Levy, A H Bilateral Exophthalmos, Proc Roy Soc Med 24 454, 1931 

(c) Frazier, C H Unilateral Exophthalmos A Clinical Report of Five Cases, S Chn 
North America 3 281, 1923 (d) Niall, F Persistent and Progressive Exophthalmos Rela- 
tionship to Graves' Disease, Tr Ophth Soc Australia 1 56, 1940 {c) Kistner, F B Decom- 

pression for Exophthalmos (Two Cases of Naffziger), JAMA 112 37 (dan 7) 1939 
{/) Zimmerman, L M Exophthalmos Following Operation for Relief of Hyperthyroidism, 
Am J M Sc 178 92, 1929 (</) Rosenbaum, J Malignant Exophthalmos, Canad M A J 

36 12, 1937 (/i) Stewens, H Progredienter Exophthalmus nach Basedow-operation Ueber 

Beziehungen zwischen Thyreoidea und Hypophyse, Ztschr f Augenh 75 137, 1931 (i) 

Ginsberg, S Postoperative Progressive Exophthalmos with Low Metabolic Rate, Ann Int 
Med 13 424, 1939 

14 Gleason, J E Idiopathic Myositis Involving the Exti aocular Muscles, Ophth Rec 
12 471, 1903 

15 Brain, W R, and Turnbull, H M Exophthalmic Ophthalmoplegia, Quart T Med 
7 293, 1938 

16 !MichaiI, D , and Rusu, L Les myosites des muscles perioculaires, Ann d’ocul 177 97 
1940 

17 Birch-Hirschfeld, A Die Erkrankungen der Orbita, entzundliche Pseudotumoren, in 
Schieck, F , and Bruckner, A Kurzes Handbuch der Ophthalmologie, Berlin, Julius Springer 
1930, vol 3, p 51, Diseases of the Orbit, in Graefe, A, and Saemisch, E T Handbuch der 
gesamten Augtnhcilkunde, ed 2, Leipzig, Wilhelm Engelmann, 1930, vol 9, pt 1 chap 13 
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At that time the}^ leported 6 cases, in 2 of which there was chronic nonspecific 
myositis In 1925 Orlow collected 4 moie case reports and added 1 of his own 
He insisted that this type of myositis Avas distinct from syphilitic or tuberculous 
myositis and that it should be placed in a class by itself In 1938, under the title of 
exophthalmic ophthalmoplegia, Brain and Turnbull reported their findings in a 
senes of 31 cases, in some of ivhich there were signs of hyperthyroidism In 1939 
Offret,^ who had had some unhapp}' experiences with this condition (1 of his 
patients Avas a physician), published an excellent monograph on the subject He 
had been able to collect and leport on 34 cases, of Avliich the myositis Avas of proA^ed 
tuberculous origin in 6, of syphilitic origin in 5 and of unknoAAm cause in 23 In 
1940 Michail and Rush reAueived 11 reported cases and added 2 of their oAvn 
In the same year Niall presented an excellent paper on this subject and reported 
11 cases (5 in detail), in some of Avhich there Avas evidence of hyperthyroidism 
Others AA'^ho haA'^e contributed to this subject are Reese,^'’ Samuels, O’Brien 
and Leinfelder,-^ Williamson-Noble,-® Colley, Ellett,®*^ Dalsgaard-Nielsen,'® 
Schmencke,^® Hine,-' Franceschetti and Rutishauser,-® Sautter^® and otheis®® 

18 Orlow, K Zur Pathogenese der Pseudotumoren der Orbitos Myositis fibrosa der 
auseren Muskeln der beiden Augen, Monatschr f Augenh 39 460, 1925 

19 Of these 23 cases, there had been microscopic studies in only 14 to prove the presence 
of myositis In the remaining 9 cases the clinical picture of a tumor of the orbit Avas pre- 
sented but at operation no tumor but only chronic inflammation Avas found Had a biopsy 
specimen of the extraocular muscles been taken at the time of operation, the presence of 
orbital myositis might have been proved m many of these cases also 

20 Reese, A B Etiology of Exophthalmos, Tr Am Acad Ophth 39 65, 1934, Unilateral 
Exophthalmos and Its Surgical Treatment, Pennsylvania Af J 43 605, 1940, Exophthalmos 
Its Pathology and Ocular Manifestations, New York State J Med 33 73, 1933 

21 Samuels, B Some Notes on Orbital Tumors, Arch Ophth 7 868 (June) 1932 

22 O’Brien, C S , and Leinfelder, P J Unilateral Exophthalmos, Am J Ophth 18 125, 
1925 

23 Wilhamson-Noble, F A Inflammatory Pseudotumor of the Orbit, Bnt J Ophth 
10 65, 1926 

24 Colley, T Inflammatory Pseudotumor of the Orbit Case Report, Bnt J Ophth 
19 93, 1935 

25 Dalsgaard-Nielsen, E Pseudotumor orbitae, Acta ophth 17 418, 1939 

26 Schmencke, A Beitrag fur Histologie de “entzundhchen Pseudotumor,” Klin Alonatsbl 
f Augenh 76 207, 1926 

27 Hme, AI L An Extra-Dural Tumor of the Optic Nerve, Tr Ophth Soc U Kingdom 
42 181, 1922 

28 Franceschetti, A, and Rutishauser, E Die entzundhchen Pseudotumoren der Orbita, 
Arch f Ophth 137 93, 1937 

29 Sautter, H Pseudotumor der Orbita, Klin Monatsbl f Augenh 100 29, 1938 

30 During a cursory review of the literature on exophthalmos, it soon became obvious 

that a number of writers may have repoited this condition under other titles, thus making 
a complete review of the subject almost impossible Then, too, a number of observers gave 
excellent clinical and gross pathologic reports but failed to describe the histologic character 
of the extraocular muscles, thus making it impossible for us to learn whether chronic myo- 
sitis was present Abstracted material was used when the original articles were not available 

This fact may account for our failure to find pathologic reports in some cases (a) Pollems, W 

Ueber tumorformige Amjdoidosis in der Orbita, Arch f Ophth 101 346, 1920 (b) Pines, 

B Em Fall A'on beiderseibger entzundlicher Geschwulst der Augenhohle (Pseudotumor), 
Klin oczna 6 116, 1928, abstracted, Zentralbl f d ges Ophth 21 117, 1929 (c) Afarbaix, and 

Van Duyse, D Pseudoblastome de I'orbite, Arch d’opht 39 466, 1921 (d) Imamshi, T 

Ueber die entzundliche Ijmphomatose der Orbita, abstracted, Klin Monatsbl f Augenh 70 
281 1922 (e) Huber, O Em Fall von entzundhchen Pseudotumor der Orbita, ibid 65 

718' 1920 (f) Taufero\ a-Karaskova, J Inflammatory Pseudotumors of Orbit, abstracted, 

Zentralbl f d ges Ophth 26 827, 1932 (g) Seka, W A Pseudotumor der Orbita, abstracted. 
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Of the three names used to desciibe the disease (chronic orbital m}Ositis, 
exophthalmic ophthalmoplegia and pseudotumoi ) , chronic orbital myositis is 
undoubtedly the best, because it lepresents a definite pathologic and histologic 
entity The clinical term exophthalmic ophthalmoplegia was coined b) Biam 
because he believed that the extreme swelling of the tissues of the orbit pioduced 
both the exophthalmos and the ophthalmoplegia Pseudotumoi is peihaps the 
poorest term, because it denotes so many different pathologic conditions It was 
fiist used by Bnch-Hiischfeld to desciibe exophthalmos m which no tumoi was 
demonstiable He classified cases of pseudotumoi into thiee gioups 

Gioup I consisted of cases in Avhich the caidmal signs of orbital tumor 
(exophthalmos, displacement and disturbed motility of the globe) were piesent 
but the exophthalmos was cui ed by medical means, such as use of potassium iodide, 
mercui}^ oi quinine The exophthalmos m these cases was supposed to be of syph- 
ilitic, tubeiculous or hematogenous causation in spite of the fact that all known 
tests failed to substantiate the piesence of any of the conditions suspected 

Group II included cases of exophthalmos in which the clinical diagnosis was 
orbital tumor but m which no tumor was found at operation This gioup must have 
included some cases of exophthalmos due to thyioid disease, varicose veins of the 
orbit, diffuse lymphoblastoma, and so on 

Group III comprised cases of exophthalmos in which an operation revealed an 
abnormal orbital mass which on histologic study proved to be a chronic inflamma- 
tory process of a nonspecific nature containing diffuse follicular areas A review 
of the case reports of this group indicates that it should be subdivided into ( 1 ) cases 

Klin Monastbl f Augenh 85 426, 1930 (/i) Israel, C Apropos d’un cas de pseudo- 

tumeur inflammatoire de I’orbite, Bull Soc d’opht de Pans 50 388, 1938 (In this article 
79 cases have been collected from the literature ) (i) Bruckner, A Zur Klinik der Orbital- 

erkrankungen, Klin Monatsbl f Augenh 93 104, 1934 (;) Morax, V, and Rousseau, F 

Un cas de neoformation orbitaire d’lnterpretation difficile, Ann d’ocul 172 41, 1935 , 
abstracted, Zentralbl f d ges Ophth 31 164, 1935 {k) Pincus, L Primare Fettnekrose 

(Lipogranulomatosis) der Orbita, Klin Monatsbl f Augenh 91 369, 1935 (/) Klitzsch, H 

Pseudotumor der Orbita, ibid 93 553, 1934 (j») Kalt, M Tumeur orbitaire bilaterale 

avec double exophthalmic guerie par un traitement mercuriel, Arch d’opht 52 655, 1935 
(jt) Soria, M Pseudotumor der orbita, Arch de oftal hispano-am 36 310, 1936 , abstracted, 
Zentralbl f d ges Ophth 37 291, 1937 (o) Braun, G Pseudotumor der Orbita, Klin 
Monatsbl f Augenh 101 434, 1938 (/>) Tano, Y Pseudotumor of Orbit, Acta Soc ophth 
jap (supp) 11*760, 1937, abstracted, Zentralbl f d ges Ophth 10 590, 1938 (In this article 12 
cases have been collected ) (g) Stargardt, K, cited by Dalsgaard-Nielsen 25 (r) Nakayasu, S 

Acta Soc ophth jap 39 325, 1935, abstracted, Zentralbl f d ges Ophth 31 337, 1935 {s) 

Hirai, S Inflammatory Pseudotumor Penetrating the Floor of the Orbit, Acta Soc ophth 
jap 11 2162, 1937, abstracted, Zentralbl f d ges Ophth 11 254, 1938 (/) Franklin, 

W S , and Cordes, F C An Unusual Orbital Tumor, Tr Sect Ophth , A M A , 
1922, p 243 (if) Kokott Symmetrische Humoren der Orbita, Klin Monatsbl f Augenh 

98 373, 1937 (_v) Schreck, E Zur Klinik und pathologischen Anatomie der orbital 

tumoren, ibid 103 1, 1939 (ro) Lewis, P M Inflammatory Pseudotumor of Orbit 

Report of Case, Am J Ophth 21 991, 1938 (r) La Rocca, V Pseudo-Orbital Tumor in 

Diabetes, M Rec 141 338, 1935 (y) de Schweinitz, G E Concerning Certain Tumors of 

the Orbit and Certain Conditions Simulating Neoplasms of the Orbit, Tr Am Ophth Soc, 
1911, p 842 (A Joy, H H Exophthalmos — Its Ocular Symptoms, New York State J. 

Med 33 63, 1933 (o') Thomsen, H A Case of Exophthalmos Caused by Chronic Inflam- 

mation (Pseudotumor) Postoperative Papilledema of Other Eye, Acta ophth 1 248, 1923 
(J}’) Hardy, G , and Hardy, W F Preliminary Report on Orbital Tumors, Am J Ophth 
17 18, 1934 (c') Lemoine, A N Pseudotumors of Orbit (Inflammatory), J Missouri M A. 

38 15, 1941 (c?') McGregor, H G Exophthalmic Ophthalmoplegia, Lancet 2 579, 1940 

(<?') Jensen, V A Malignant Exophthalmos After Strumectomy, Acta ophth 18 1, 1940 

(/') Duthie, O M Exophthalmic Ophthalmoplegia, Tr Ophth Soc U Kingdom (pt 1) 

59 426, 1939 
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in which the extraocular muscles were chiefly or primarily involved and (2) those in 
which the muscles were spared and only the orbital fat was affected 

From this classification it is obvious that the term pseudotumor repiesents a 
numbei of different pathologic conditions, and that this diagnosis only covers up 
ignoiance of the exact pathologic nature of the disease process in the orbit This 
term should be employed only as a clinical diagnosis, and then only when a histo- 
logic study of the oibital pathologic changes is impossible When microscopic 
mateiial is available foi study, a more specific histologic diagnosis should be made 
Such histologic studies must be forthcoming if the confusion surrounding this 
diagnosis is to be clarified 

REPORT OF CASES 

Case 1 — In March 1936 Mrs R D , a housewife aged 37, came to the Institute of 
Ophthalmology complaining of exophthalmos on the left side and diplopia of seven months’ 
duration She stated that the onset of her symptoms had been gradual and that for a time 
she had been able to overcome her diplopia by tilting her head backward Later it had 
Lecome necessary to keep the left eye covered to avoid diplopia and nausea She had noticed 
no pain, visual impairment, edema or inflammation about her eyes except for swelling of the 
left eje following a bump over the left temple six months before she entered the hospital 
Some time after the accident her left eye began to protrude 

Hei past medical history was essentially irrelevant There was no history of hyperthj- 
Toidism After the birth of her daughter fifteen years before she had been told she had 



Fig 1 (case 1) — The eyes before operation The patient was looking straight ahead with 
the right eye fixing 


nephritis and advised not to become pregnant again Six years and again four years before 
she had been delivered of a stillborn infant and had subsequently suffered from nephritis 
and edema of the legs 

Examination showed her vision to be 20/20 m the right and 20/30 in the left eye Her 
fids, conjunctivas, lacrimal sacs, intraocular tension and fundi were essentially normal A slight 
ptosis was noted in the left eye This eye was directed downward IS degrees of arc and 
outward 5 degrees of arc The patient was unable to elevate it above the horizontal plane 
Readings on the exophthalmometer were 18 mm for the right and 20 mm for the left eye 

(fig 1) ^ , 

A report from her physician stated that the results of all her examinations and tests had 
been negative In the hospital a routine urinalysis gave negative results, as did a Wasser- 
mann test of the blood The spinal fluid chemistry and cell count were normal The colloidal 
gold curv^e was normal General physical and neurologic examination disclosed nothing 
significant A roentgenogram of the left orbit showed increased soft tissue density and slight 
evidence of increased intraorbital pressure The basal metabolic rate was 4 per cent 


31 There may be no justification for dividing Birch-Hirschfeld’s third group into two 
subgroups, since the nature of the tissue change is histologically the same u'hether the orbital 
fat or the extraocular muscles are involved A number of cases of pseudotumor have been 
reported, however, in wdiich no mention was made of an abnormal state of the extraocular 
muscles or of their histologic character Failure of the surgeon to remove a biopsy speci- 
men of the orbital muscles along with the tumor mass found in the orbit may account for 
the apparent lack of muscle changes in such cases It is therefore possible that in all cases 
of Birch-Hirschfeld’s third group of pscudotumor, the orbital muscles were involved at least 
to some extent 
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An intiaorbital neoplasm was suspected and an exploratory opeiation of the left orbit 
through a lateral canthotomy done The upper part of the oibit was normal, but below the 
globe a tumor was found running along the floor of the oibit from the globe to the apex 
This growth seemed to infiltiate the mferioi lectus muscle and was loosely attached to the 
periosteum of the orbital floor It was about the size of a walnut, was fibrous and seemed 
to be encapsulated posteriorly The surgeon noted that “undoubtedly by its check action on 
the inferior rectus muscle the tumor limited upward i otation of the globe ” An attempt was 
made to remove the growth and at the same time save the infeiior lectus muscle The growth 
involved the muscle so intimately, however, that it was necessary to remove the muscle along 
with the tumor Healing occurred without complications, and the patient left the hospital 
shortly Follow-up examination four years later showed that the patient still had diplopia, 
the left pupil was dilated and reacted sluggishly to light All movements of the extraocular 
muscles were limited, especially nasahvaid and dowmward 



Fig 2 (case 1) — Lymphocytes, fibrosis and muscle fiber degeneration (x 200) 


The pathologic report stated that the process consisted of chronic inflammation with 
degeneration of the muscle fibers The histologic diagnosis w'as chronic inflammation and 
idiopathic myositis, or Zenker’s waxy degeneration (fig 2) 

Case 2 — In July 1939, I M , aged 55, a merchant, presented himself for examination 
because of diplopia and inability to elevate his right eye (fig 3 A) His difficulty had begun 
seven months before with diplopia and turning downward of the right eye He complained 

of no pain or inflammation in his eyes His vision was good in each eye, but in order to 

see straight ahead with the right eye he had to tilt his head backward His general health 
w'as good 

The patient’s history disclosed chronic sinus disease, for wduch he had had the middle 
turbinate bone removed in 1916 and an operation on tbe frontal sinus in 1919 In 1933 he 

had an attack of benzene poisoning and a spontaneous pneumothorax of the right lung which 

W'as considered to be of unknowm causation This cleaied up spontaneously in a few months 
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A number of roentgenograms of the chest taken at that time showed an old bilateral healed 
pulmonary tuberculosis with thick fibrosis and small calcifications in the apex of the upper 
lobe of the right lung Roentgenograms of the chest taken 3'early to the time of writing 
have not changed this diagnosis and have shown no recent infiltration of either pulmonary 
field There was no history of thyroid disease 

Two of the patient’s brothers were said to have retinitis pigmentosa, and the son, aged 24, 
was said to have bilateral central scotomas and optic nerve atrophy due to maculai changes, 
perhaps of a tuberculous inflammatory process 

Examination showed the patient’s vision to be 20/20 — 3 in the right eye and 20/20 — 2 
in the left with a correction of + 1 00 D sph 3 0 50 D cyl , axis 100 before each eye 
The lids, conjunctivas, lacrimal sacs and fundi were essentially normal Examination of the 
extraocular muscles gave a first impiession of a paralysis of elevation associated with exoph- 
thalmos on the right side All movements of the left eye appeared normal The right eye 
was turned directly downward about 25 degrees of arc, and the patient was unable to elevate 
the globe even so much as 5 degrees from this fixed position Closer examination of the 
rotations of the right eye showed that all the extraocular muscles of this eye were active 
except the superior rectus muscle The inferior oblique muscle was unable to elevate the 
fixed globe, but it was able to rotate the globe outward when tlie patient was asked to look 
up and to the left The levator function was intact, and no ptosis was present, in fact, there 



Fig 3 (case 2) — A, the patient before operation, looking stiaight ahead with the left eye 
fixing B, the patient after operation, looking straight ahead with both eyes fixing 

seemed to be an overaction of the right levator muscle, which accentuated the apparent 
exophthalmos and produced a frightened staring expression (fig 3 A) 

Because the observations on the muscles did not correspond with those in most cases of 
paralysis of tlie superior rectus muscle, some inflammatory process binding the globe down 
to the floor of the orbit i\as suspected A wisp of cotton saturated with 10 per cent cocaine 
hydi ochloride was inserted m the inferior cul-de-sac to effect deep local anesthesia A fixation 
forceps was then applied to the tendon of the inferior rectus muscle and gentle traction 
exerted to rotate the globe upward This met with firm resistance, and it was impossible to 
elevate the globe even so much as 10 degrees of arc This condition was thought to be due 
to some inflammatory or neoplastic process binding the globe or the inferior rectus muscle 
down to the floor of the orbit 

Since the right eye was fixed in a downward position of gaze, it was necessary to have 
the patient tilt his chin upward until the two corneas were on the same plane in order to 
get the exophthalmometer readings These were 15 mm for each eye Had it been possible 
to take these measurements m the usual manner, tliere is little doubt that an exophthalmos 
of 2 or 3 mm at least would ha\e been recorded 

A general physical examination re\ealed only vitiligo of the face and both arms The 
Mantoux test gave a reaction of 2 plus, and a roentgenogram of the chest showed bilateral 
healed pulmonary^ tuberculosis w'lth calcification and fibrosis m the apex of the right lung 
The basal metabolic rate was 16 The Wassermann reaction of the blood W'as negative, 


32 Eagleton, W P Personal communication to the authors 
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a routine blood count and differential count were normal, and routine urinalysis gave nega- 
tive results A roentgenogram of the orbits and optic canals revealed only a slight increase 
in soft tissue density of the right orbit, with nothing to indicate its cause 

Because it was thought that some chronic inflammatory or neoplastic process was binding 
the globe down to the floor of the orbit, the orbit was explored through a lateral canthotomy 
in August 1939 A solid, fibrous, smooth, firm, dark bluish mass below the globe, which 
seemed to be attached to all sides of the inferior rectus muscle, was observed The mass 
began 5 or 6 mm from the insertion of the inferior rectus muscle to the globe and extended 
to the apex of the orbit The growth was estimated to be 30 mm long, 8 to 10 mm thick 
and 10 to 12 mm wide It cut with difficulty with scissors and was removed in five pieces 
We wished to save as much of the inferior rectus muscle as possible But no normal tissue 
of this muscle was noted, and at the conclusion of the operation almost all ot the tumor 



Fig 4 (case 2) — Lymphocytes, fibrosis and muscle fiber degeneration (x 200) 


mass and the inferior rectus muscle had been removed The optic nerve, floor of the orbit, 
globe and the other rectus muscles appeared to be normal to palpation At the conclusion 
of the operation the globe was freely movable The wound vas closed without drainage 
The patient made an uneventful recovery 

Since the operation the patient has been able to move his right eye moderately from 
side to side but not below the horizontal plane With his head tilted forward about 10 degrees 
of arc he has single binocular vision, and when he looks downward, the right upper lid 
covers the pupil so that he does not see double His vision is 20/20 in each eye, and his 
fundi and pupillary reactions are normal The patient does not wear an occluder now and 
asserts that he is more comfortable than before operation (fig ZB) 

Dr A B Reese’s pathologic report stated “The specimens contained considerable con- 
nective tissue and degenerated striated muscle fibers which were undergoing fibrosis Scattered 
through the tissue were numerous irregular focal areas of inflammation containing large 
numbers of lymphocytes and a few plasma cells Within and surrounding these inflammatory 
areas there were degeneration and destruction of muscle tissue, some of the muscle fibers 
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showed swelling and loss of stnae In some regions inflammatory cells were closely packed 
together in almost solid masses In other areas there was a looser arrangement The process 
m all of these sections w'as essentially one of muscle fiber degeneration and fibrosis accom- 
panied bj’’ an inflammatory process” (fig 4) 

Dr V Kneeland Frantz studied the sections and reported as follows “I could not see 
any evidence of tuberculosis in these sections The lesion appeared to be a chronic inflamma- 
tory one, and I would suspect that the degeneration of muscle was a secondary inflammation 
There w'as no evidence of tumor ” 

The microscopic diagnosis was chronic orbital myositis, or Zenker’s w^axy degeneration 

Case 3— B G, aged 51, a machine operator, came to the Vanderbilt Clinic in October 
1940, complaining of diplopia of six weeks’ duration (fig 5 A) 

He stated that his present illness had begun six months previously with a swelling of the 

left lower lid This was not associated with redness, pain or discharge Three months later 
a similar sw'elling appeared in the left supraorbital region This increased slowly until the 
time of his visit to the clinic He had noticed no loss of vision in either eye, no pain and 

no inflammation and knew of no injury to either eye His general health had always been 

good, and there w'as no history of thyroid disease 

Examination of the eyes show^ed the vision to be 20/30 in the right and 20/30 — 2 in 
the left The lids, conjunctivas and lacrimal sacs were normal The ihtraocular tension was 
13 mm (Schidtz) in each eye The exophthalmometer readings were 17 mm for the right 



Fig 5 (case 3) — A, the patient before operation, looking up with the right eye fixing 
B, a traction test, which failed to elevate the left eye C, the patient after operation, looking 
straight ahead with the right eye fixing 

and 21 mm for the left eye It was impossible to replace the left eye m the orbit by 
pressure backward No lagophthalmos, no bruit and no pulsation w'ere present The pupillary 
reactions, fundi, perimetric fields and blmdspots were normal Clinical microscopy revealed 
nothing abnormal 

Examination of the extraocular muscles showed the movements of the right eye to be 
normal The left eye was directed downward 15 to 20 prism diopters and slightly outward 
The patient w'as unable to elevate the left eye above the horizontal plane (fig 5^) 

A provisional diagnosis of intraorbital tumor associated with paralysis of the left superior 
rectus muscle w'as made and the patient sent to the hospital While there he had a thorough 
clinical and laboratory study A general physical, a urologic and a neurologic examination 
revealed nothing significant 

A roentgenogram of the skull, orbits and optic canals was essentially normal except that 
It showed some areas of porosity of the bones of the skull suggestive of parathyroid djs- 
function and several areas of diminished density suggestive of metastasis Roentgenograms 
of the long bones, chest gastrointestinal tract, feet and hands did not reveal neoplasm, 
metastasis or sarcoid 

Because of the porositj of the bones suggestive of hyperparathyroidism, studies of tne 
blood chemistry were made These gave normal results except that on one occasion the protein 
level was 8 9 mg per hundred cubic centimeters, on a second examination the value was 
found to be 7 mg The normal blood chemistry ruled out In perparathyroidism 
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The reaction to a tuberculin test with 1 100,000 dilution was negative after forty-eight 
hours, but with a 1 10,000 dilution the reaction was graded 2 plus 

Since the clinical and laboratory tests did not reveal the nature of the disease, an orbital 
exploratory operation w’as recommended Before operation tw»o different attempts were made 
to elevate the globe mechanically by means of traction on a tissue forceps attached to the 
tendon of the inferior rectus muscle (fig SB) These failed to elevate the globe on two 
different occasions and led to a preoperative diagnosis of chronic orbital myositis of the 
inferior rectus muscle 

At the time of operation a lateral canthotomy was done and the wound enlarged down- 
ward to expose the orbital contents below' the globe Palpation revealed a firm mass situated 
below the globe and attached to the inferior oblique muscle This extended along the flooi 
of the orbit toward the apex and seemed to be loosely adherent to the periosteum of the floor 
The mass was removed and the globe freed of its extraneous attachments At the conclusion 
of the operation the globe w'as more freely movable with traction in all directions The 
wound was closed without drainage and the patient discharged from the hospital on the fifth 
postoperative day 

The wound healed promptly but the left eye returned to its position of downward lotation 
Ten weeks after the operation the right eye was essentially normal, w'hile the left presented 
exophthalmos of 2 to 3 mm , fixation m downward rotation of about 30 degrees of arc 
(fig S C) and movement of the globe of about 10 degrees m abduction, 8 degrees in adduction 
and about S degrees in elevation and depression from its fixed position of downward gaze 
The upper lid of the left eye moved freely up and down synchronously with the light when 
the right eye was fixing, with the left eye fixing there was a marked overaction of the levator 
muscle on the same side, with pronounced contralateral overaction of the right supeiior rectus 
and levator muscles When both eyes were directed downwaid about 30 degrees of arc, the 
upper lid of each eye was at the upper part of the limbus, indicating no overaction or spasm 
of Muller’s muscle or of the levator muscle m this position A firm, immovable, painless, 
slightly nodular mass could be palpated through the lower fornix in the lower temporal 
quadrant in the orbit along'the orbital maigm between the floor and the globe Theie w'ere 
slight edema and fulness of the upper hd Examinations of the exterior and interior of the 
eyes otherwise gave normal results 

A second exploratory operation through the external canthus and the mfenoi cul-de-sac 
exposed a firm, nodular mass of fibrous consistency wedged betw'een the globe and the floor 
of the orbit in the lower temporal quadrant This mass was dissected free from the floor 
and the globe It extended backward along the inferior rectus muscle toward the apex of the 
orbit An attempt was made to dissect it free from the inferior rectus muscle, but at the 
conclusion of the operation this muscle had been reduced to a narrow inelastic fibrous band 
about 6 mm wide anteriorly A soft mass, presumably the posterior end of the enlarged 
inferior rectus muscle, was palpated deep in the orbit but was not removed because of its 
inaccessibility and because of the danger to the deeper orbital vessels and nerves The wound 
was closed without drainage At the conclusion of the operation the eye w'as movable in all 
directions of gaze 

One month later the left eye had returned to its original position of downw'ard gaze The 
patient complained bitterly of diplopia and the appearance of his left eye A senes of deep 
roentgen ray treatments weie given without any apparent effect With the hope of improving 
the patient’s appearance a third operation was performed five and one-half months after the 
first exploration At this time the adhesions between the globe and the floor were freed 
and the superior rectus muscle resected to elevate the globe to the primary position 

One year after the first operation there was no exophthalmos present, but a slight edema of 
the upper lid w'as still noticeable The globe was fixed in the primaiy position, from which the 
patient could rotate his eye about 10 degrees to the right and to the left Neither elevation 
nor depression was present, and a firm, cartilaginous mass could be palpated through the skin 
of the lower lid between the globe and the inferior orbital margin Six months later the left 
eye once more had rotated dowmw'ard about 20 degrees of arc, where it w'as fixed and could 
not be elevated or depressed Diplopia was present, though less annoying, and the patient v\as 
giadually adjusting himself to his disability and appearance 

The laboratory report by Dr John S McGavic was detailed and interesting Microscopic 
examination showed that the specimen consisted of muscle, nerve, fat and fibrous connective 
tissue (fig 6) About one half of the tissue was striated muscle, parts of this were essentially 
normal in appearance but a good manj of the muscle fibers showed varying degrees of 
degenerative change This change was characterized by pale staining, partial loss of cross 
stnations and a granular appearance instead of the usual cleancut appearance ot normal 
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striated muscle Theie was an unusuallj large amount of fibrous tissue, which contained 
relatively few nuclei and which was somewhat more refractile than usual In one place there 
was a localized collection of lymphocytes, but this was the only evidence of an inflammatory 
reaction An unusually large amount of nerve tissue was present, but the arrangement and 
the absence of pathologic changes in this tissue seemed to nullify its importance In summary, 
these sections showed only slight degenerative changes in stiiated muscle The changes were 
similar to, but less marked, than those in cases 1 and 2, in which, as in this case, a diagnosis 
of Zenker’s waxy degeneration was made 

Dr A P Stout said “This is a fragment of striated muscle which shows evidence ot 
degenerative change, represented by fragmentation, vacuolation, loss of cross striation of the 
muscle fibers and some proliferation of fibrous tissue between and around the individual 
muscle fibers Adjacent to the striated muscle is a rather dense mass of fibrous tissue 

which IS peculiar in that mixed up with it are what appear to be many elastic fibers and 



Fig 6 (case 3) — Lymphocytes, fibrosis and muscle fiber degeneration (x 200) 


what appear in the tnchrome stain to be stray bundles of smooth muscle It is not a neoplasm 
and represents some sort of degenerative process affecting striated muscle with which I am 
not familiar” 

Dr Fred Stewart, of the Memorial Hospital for the Treatment of Cancer and Allied Dis- 
eases, felt that this was a case of Zenker’s waxy degeneration 


Case 4 — J K, aged 71, a farmer, came to the Institute of Ophthalmology in November 
1940, because his left eye “felt stiff and sore in the morning ” In spite of the fact that he 
had definite limitation of upw'ard movement and exophthalmos of the left eye, he did not 
complain of diplopia The present trouble had begun six months previously, after he had 
sprayed his trees His general health had always been good, and he gave no history of 


thyroid disease . 

Examination of the eyes showed that the vision was 20/25 m the right and 20/30 m tne 
left without glasses The lids, conjunctivas, lacrimal sacs, intraocular tension, periphera 
fields, bhndspots and fundi were normal The right pupil measured 4 mm and the left 2 mm 
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There A\as slight limitation of upward movement in the left eye The Hertel exophthal- 
mometer gave readings of 15 and 19 

A general physical examination gave negative results The Wasseimann reaction of the 
blood and the sedimentation rate were normal A routine urinalysis, led blood cell count 
and differential count gave normal results An examination of the sinuses failed to reveal 
anything abnormal, and a roentgenogram of the head, showing the optic canals and orbits, 
disclosed only a slight increase in soft tissue density of the left orbit 

in five weeks the patient’s exophthalmos progressed, disturbing diplopia developed and the 
upward excursion of the left eye became almost ml The patient was sent to the hospital and 
the left orbit explored through a lateral canthotomy The exploiation revealed the presence 
of a large firm mass extending from the posterior surface of the globe backward along the 
floor to the apex of the orbit A biopsy specimen was taken of the tumor mass and the 
wound closed without drainage At the time of discharge from the hospital, five days later, 
the globe was once more in the primary position One year later the patient was able to 
carry on his work as a farmer without complaint 

The histologic report of Dr John S McGavic was as follows “The specimen consisted 
of muscle tissue and orbital fat The muscle fibers when seen on long section showed loss of 
striation and in places had a teased out appearance The fibers on cross section showed an 
incompletely filled muscle sheath and pale-stainmg amoiphous substance instead of the usual 
clearcut muscle fibnllae In places iheie appeared to be a proliferation of the perimysium 
In several places theie nas a slight perivascular infiltration” The diagnosis was Zenker’s 
waxy degeneration of the muscle 

Biiefly, m these 4 cases there were the same clinical, opeiative and pathologic 
observations Clmicall)' there were exophthalmos, limitation of upward motility 
with diplopia and a positive result of the traction test At opeiation in each case, 
the inferior lectus muscle was seen to be enlarged, film and fibrotic and when 
lemoved cut with a gutty feeling Histologically, in all 4 cases there were degen- 
eration of muscle fibeis, fibiosis and lymphocytic infiltration 

COMMENT 

Etiology — The cause of chronic orbital myositis is unknown Tuberculosis and 
syphilis have often been mentioned, even though the clinical and microscopic obser- 
vations have repeatedly contiadicted this claim Some investigators have ascribed 
It to foci of infection, but this theory has never been proved The fact that the 
inferior rectus and mferioi oblique muscles are so often aflfected naturally tends 
to incriminate the antrum 

Nothing in the past histones of oui patients gives a clue to the cause of the 
condition, for none had recently been ill None had ever had thyroid disease, 
typhoid or syphilis Sex and age may be a factor, since 3 males to 1 female is the 
usual sex incidence and the average age is over 40 There seems to be no relation- 
ship between the age of the patient and the seventy of the condition, since some 
of the most rapidly developing myositis reported in the liteiature has occurred in 
patients over as well as in patients under 50 Colle} reported a case of chronic 
orbital myositis m a child aged 12, in which exenteration of one orbit was followed 
by development of the same condition in the othei orbit one year later 

Briefly, there is no positive evidence that poisoning, avitaminosis, climate, 
heiedity, diet, allergy, glandular dysfunction, infection, trauma oi occupation plays 
any part m the causation of this condition 

Of the various etiologic theoi les advanced three ai e woi thy of note, namely, the 
infectious theory of Off ret, the lactic acid theory of Wells and the endocrine theory 
of Marine, Freigold, Smelzer, Aird and others 

From microscopic studies, Offret argued that the initial lesion is subacute or 
chionic phlebitis of the small veins or capillaries of the oibit and that all the clinical 
and pathologic observations of chronic oibital myositis can be explained on the basis 
of this conception 
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In explaining the causation of Zenkei’s waxj^ degeneiation in striated muscle, 
Wells was able to shoiv experimental!)^ in vivo and in vitro that the histologic 
changes could be pioduced solely by an accumulation of lactic acid in the muscles 
He stated the belief that some toxin pioduces an excessive amount of lactic acid in 
the muscles and that this is directly lesponsible for the degeneiation of the muscles 
Any interference with the venous circulation, such as that hypothesized by Offret, 
would cause an accumulation of lactic acid, thus accentuating the degenerative 
process 

Expeiimentally it has been shown that after the injection of a thyiotropic 
extract made from the pituitaiy gland the extiaocular muscles of thyi oidectomized 
guinea pigs become enlaiged and piesent evidence of degeneration and lymphocytic 
infiltration similai to that noted m chronic orbital myositis This expeiimental 
work has been accepted in some places as an explanation foi the cause of so-called 
malignant exophthalmos associated with thyroid disease, but so far as we know it 
has not been advanced to explain the cause of chronic orbital myositis 

With these theories accepted as working hypotheses, it is still necessaiy to 
explain what causes the endophlebitis of Offiet’s theory, to demonstiate the nature 
and origin of the toxin of Well’s theoiy or to piove the piesence of glandulai 
dysfunction in chronic oibital myositis 

Gloss and Mta oscopic Changes — ^At the time of opeiation, most observers 
have noted an eiilaigement of the extraocular muscles, sometimes to foui or five 
times their normal size Grossly the muscles are described as being pale, firm, 
smooth, friable and cartilaginous The belly of each muscle affected usually shows 
a fusiform enlargement, with the ends not much affected Sometimes the sheaths 
of the muscles are loosely attached to the orbital fat and the sui rounding orbital 
tissues One or more of the extiaocular muscles may be affected, but it is a curious 
fact that the inferioi lectus and inferior oblique muscles have been affected moie 
often than any of the othei extraoculai muscles 

A number of wiiteis have reported cases of chronic myositis affecting only the 
inferior lectus or the inferioi oblique muscle, othei s have noted enlargement only 
of the superior rectus oi superior oblique muscle A number of obseiveis have 
reported some involvement of all of the extraoculai muscles From our experience 
and from what we have been able to leain from the hteratuie, it seems that any 
or all of the extraocular muscles may be affected but that the muscles below the 
globe show a special susceptibility to this disease 

Microscopically, the histologic changes were basically the same m all our cases, 
consisting chiefly of fibiosis, degeneration of muscle fibers and lymphocytic infiltia- 
tion Offret, who has made a special study of the histologic changes of chronic 
orbital myositis, tabulated the following ones as chaiacteristic 

1 Lymphocytic infiltration throughout the orbit with a few scatteied plasm 
cells and a tendency to follicle formation about the capillaries This change may be 
seen (a) about the central vessels of the muscle fibers, (&) in the interstitial tissue, 
(c) m the muscle aponeurosis and {d) m and about the individual muscle fibers 

2 A fibrosis between and about the muscle fibers 

33 Wells, H G The Pathogenesis of Waxy Degeneration of Striated Muscles (Zenker’s 
Degeneration), J Exper IMed 11 1, 1909, Waxy Degeneration of Diaphragm Factor m 
Causing Death m Pneumonia and in Other Conditions, Arch Path 4 681 (Nov) 1927 

34 The histologic diagnosis of chronic orbital myositis should be entrusted onl> to 
pathologists familiar with this condition, for it has been confused with a malignant process, 
gumma, tuberculoma, I 3 mphoblastoma and Hodgkn’s disease 
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3 Maiked changes in the muscle fibeis themselves i e , edema of the stroma, 
lymphocytic infiltration, disappearance of the stiiations, vacuolation, poor staining 
qualities, collaginous, waxy or glassy degeneration (Zenkei’s , changes m the 
nuclei, degeneiation, and fibiosis 

4 Vascular changes confined to the smaller veins and capillaries, which show 
lymphocytic infiltiation in and about the vessel walls with slight endothelial pro- 
liferation but no endaiteritis 

Offret has studied the histologic changes chaiacteristic of traumatic myositis, 
acute myositis, congenital fibiosis (Duane’s syndiome, etc ) and degenerative 
myositis of vascular, fatty or amyloid degeneiation He maintained that these 
processes are different and distinct from the t3^pe of degeneration under discussion 
here He stressed the point that chionic nonspecific orbital myositis must not be 
confused with syphilitic or tuberculous oibital m30sitis and cited several clinical 
and histologic studies of each to prove it 

Benedict and others have stated the belief that the pathologic changes of 
chronic orbital myositis ma3r vary according to the age of the process, the older 
processes showing more fibrosis and the moie lecent ones less fibrosis Generally 
the oibital fat and sometimes the lacrimal gland show the same histologic pictuie 
noted 111 the extraoculai muscles 

F H Verhoefi:,^® A P Stout,^° Fred Stewart,®® A M Pappenheimer,®® J S 
McGavic,®® Orlow and others have insisted that the condition is essentially one 
of chionic degeneration of muscle fibers, that it is not to be confused with so-called 
pseudotumor or granuloma of the orbit and that it is a sepaiate and distinct histo- 
logic entity The fact that none of our patients presented evidence of involvement 
of the orbital fat would be an aigument in favor of this viev However, a number 
of cases have been reported in which chronic inflammator3’' changes have been 
noted m the orbital fat as well as in the muscles This fact has led some writeis, 
notabl3^ Reese,®® to express the belief that chionic orbital m3’'Ositis is a pseudotumor 
which begins m the extraoculai muscles and extends from there to involve the 
orbital fat It is tempting to accept the view that chronic orbital myositis is a 
sepaiate disease entit3, distinct clinicall3^ and pathologically from so-called gianu- 
loma of the orbit, but we prefer to await fuithei clinical and histologic studies 
before becoming dogmatic on this point 

In studying the pathologic changes of chronic oibital myositis, several observers 
have noted the great similarity between the histologic picture of this disease and 
that noted in malignant exophthalmos associated with exophthalmic goiter In fact, 
the histologic pictures sometimes cannot be differentiated under the microscope 
At the present time theie is no satisfactor3^ explanation why these two conditions 
should be so similar giossly, microscopically and sometimes clinically 

Subjective Symptoms — The onset may be giadual oi sudden m an otherwise 
healthy peison When it is giadual, there may be an interval of several months 
between the first S3 mptoni and the first visit to the ph3 sician When it is sudden, 
this interval ma3'’ be 1 educed to two weeks or less In man3" of the cases reported 

35 The name Zenker’s wax}'- degeneration has been applied to these changes in striated 
muscle, after the pathologist who fiist described this change, in the rectus abdommus muscle, 
in patients who had reco\ered from tiphoid fever (MacCallum, W G Text-Book of 
Patliolog}'-, Philadelphia, W B Saunders Compan}-, 1916, pp 92 and 572) William Bo}d (Text- 
Book of Pathologr, Philadelphia, Lea &. Febiger, 1938, p 1019) stated that he had seen this 
change disappear spontaneous!} , thus giving histologic confirmation to the clinical obser% ation that 
mam patients may recorer spontaneoush if gl^en a chance 

36 Personal communications to the authors 
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in the literature the onset was rather sudden and alarming, simulating the clinical 
appearance of an acute inflammatory piocess of the orbit without constitutional 
signs In all of oui 4 cases 'the onset was gradual 

The three symptoms most complained of are edema of the lids, diplopia and 
exophthalmos 

1 Edema The first symptom is usually a slight, sometimes tiansitory, painless 
edema of the lids If this edema appears it may progress rapidl} In onlj- 1 of oui 
cases (case 3) did the patient notice edema of the lids before entering the hospital, 
and this began in the lower lid Onl}’- one orbit was invohed in each of oui 
cases This observation seems to be m disagreement with that of some investi- 
gators, notably Offret,^ who stated that the second orbit becomes imolved in 
25 per cent of cases 

2 Diplopia A second, and probably the most constant, subjective sjmptom 
IS binocular diplopia Soon after the onset, all of our patients noted this sj mptom 
Patient 1 was wearing a patch over one eye to prevent diplopia and nausea 
Patient 4 did not complain of double vision, although examination showed some 
limitation of ocular motilitj' m the affected ej^e These findings are in complete 
accord with those of othei writers on this subject Theiefore it seems that diplopia 
may be considered to be one of the most consistent and most characteristic sjmp- 
toms of chronic orbital myositis 

3 Exophthalmos A third subjective symptom of this condition is exoph- 
thalmos This was a fairly constant component m the triad of symptoms (edema, 
diplopia and exophthalmos) m our cases, being present in all but 1 In all cases 
the exophthalmos developed without apparent cause, and in only 1 was trauma asso- 
ciated with protiusion of the globe In case 2 there was a temporary airest, or a 
regression, of his exophthalmos In some cases reported m the literature (Orlow,^® 
Offret ^ and others) the progress of the exophthalmos had been so sudden and so 
great that exposure keratitis requiring enucleation developed In a number ot 
cases in the literature the tivo orbits w’^ere affected, either simultaneously or con- 
secutively (Offret,^ Orlow,^® O’Brien,"- Colley,"* Benedict* and others) but in 
none of our cases -were both orbits involved 

Objective Symptoms — 1 Edema Examination of the lids m our cases gave 
essentially negative results except to rcA^eal slight edema of the left lower lid in 
case 3 This edema w'as firm, painless and pale and did not pit on pressuie In 
none of the cases could a mass be felt in the lids or orbit 

Offret stated that most patients do not present a mass palpable through the 
skin In Colley’s "* case, a mass could be felt through the uppei lid , also, in 
Benedict’s* 2 cases a mass was noted before operation Seveial other observers 
have noted a palpable mass before operation 

2 Exophthalmos The amount of exophthalmos in our cases varied from 
2 to 4 mm on the Hertel exophthalmometer Some observers have lecorded an 
exophthalmos as high as 12 mm (Ellett) or 13 mm (Offret), but most records 
in the literature fail to give the exact amount present 

The displacement of the globe in our cases was either straight forw'ard or 
forward and downw^ard, with little or no lateral displacement The exophthalmos 
w'as not reducible or affected by the position of the head At the time of examina- 
tion, it was unilateral in all of our cases No pulsation, bruit or tenderness was 
present In cases 2 and 3 measurement of the exophthalmos w'as difficult because 
of the extreme dowmw ard rotation of the affected eye 
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3 Limited Oculai Motility Examination of the extiaoculai muscles with the 
e>es in the six cardinal directions of gaze revealed some limitation of oculai motility 
111 all of oui cases Most movements of the affected eye controlled by the extra- 
ocular muscles were definitely limited Especially was this true of elevation and 
upward rotation None of oui patients could rotate the affected eye upwaid be>ond 
the horizontal plane In 2 cases (2 and 3) the globe was fixed m a position of 
downward rotation equal to about 30 degrees of arc In 3 a provisional clinical 
diagnosis of paralysis of the superior lectus muscle on the affected side had been 
considered This finding, associated with exophthalmos, natuially led some clini- 
cians to suspect a tumor behind the globe and above the optic nerve 

Most observers have noted a marked limitation of movement of the affected eye 
Several have especially mentioned a weakness of elevation or a paialysis of the 
superior rectus muscle Because of the frequency of limited upwaid motility, we 
believe that this finding should be stressed as perhaps the most important sign of 
chronic orbital myositis 

The limitation of movement m the affected eye is associated usually with strong 
secondary overactions of the associated muscles of the sound eye When the 
affected eye is fixing and the patient directed to look slightly upward, for example, 
the unaffected eye shoots up undei cover Secondary overactions are noted m the 
other directions of gaze as well This bizarre behavior makes it impossible to 
attribute the limited motility oi the diplopia definitely to a paresis of any one 
muscle or set of muscles 

In only 1 of our cases was a paitial ptosis noted In 2 others theie was a 
marked widening of the palpebral fissure of the affected eye when fixation and 
elevation of this eye were attempted This produced a frightened, wild-eyed effect 
on that side 

Other Symptoms and Ohsei nations — Pam is not a characteristic symptom, 
although 2 of our patients complained of a feeling of fulness or stiffness about the 
eyes Sometimes when pain is present it was associated with sinusitis lequiring 
surgical intervention or with exposure keratitis It is inteiesting to note that m this 
condition, affecting primarily the extraocular muscles, pain on movement of the 
globe IS conspicuously absent In acute inflammatory conditions of the oibit 
(abscess, tenonitis, cellulitis), pain on ocular movement is a well knovn and chai- 
acteristic symptom 

None of our patients complained of visual impairment, except m the form of 
diplopia, although some observers (Benedict,'* Michail and Rusu,*° Ellett and 
others) have reported failing vision, which sometimes develops suddenly 

Partial ptosis had been noted in 1 of oui cases (case 1) Other obseiveis (foi 
example, Benedict * and Wilhamson-Noble have also reported ptosis It must 
be stated, however, that as a general rule the function of the le^ ator is not affected 
by this condition 

Perimetric field studies when done have given normal results The pupillary 
reflexes, ocular media and fundi are usually normal The fundi in all of our cases 
were considered normal 

Roentgen ray studies of the orbit show only a slight increase of soft tissue 
density Roentgen ray studies of the gastrointestinal tract, skull oi long bones 
have not been of diagnostic help 

According to Offret, puncture with a needle does not help m the diagnosis, and 
therefore we did not resort to this piocedure in any of our cases Reese, in dis- 
cussing a case report by Levis stated that a diagnosis of chionic inflammator} 
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tumoi had been made on the basis of aspiration biopsy No mention was made 
of any change in the extraocular muscles, howevei 

Routine laboratory studies do not give any diagnostic help Routine and special 
studies of the blood usually give values within noimal limits Occasionally a 
positive Wasseimann leaction has been recorded m the literature, but this is 
unusual The urine, sedimentation late and basal metabolic rate have been normal 
Electi ocai diograms, Mantoux and Frei tests and tests foi brucellosis have all given 
negatn e i esults 

A general physical examination usually fails to leveal anything significant 
Aiteiioscleiosis has been reported in some cases, but this is to be expected in the 
age gioup affected Busse and Hochheim reported a case in which the myocardium 
showed the same changes as the extraocular muscles No evidence of thyioid 
disease was present in an} of our cases 

Complications — The complications of chionic oibital myositis aie chiefly 
mechanical They consist principally of peimanent exophthalmos, exposuie 
keiatitis limitation of oculai motility, endophthalmitis and optic nerve atrophy 
Pathogenesis — The caidinal signs of chionic orbital myositis can be entirely 
explained fiom a stud}^ of the microscopic changes m the orbit The edema of 
the lids seen clinically is due to a chronic inflammatory process affecting the orbital 
tissues The exophthalmos is due chiefly to an enlaigement of the extraocular 
muscles, with extension perhaps of this chionic mflammatoiy process to the neigh- 
boring tissues The limitation of ocular motiht} and the inextensibihty of the 
affected muscles are due diiectly to the inflammation, fibiosis and degeneration 
present in the extraocular muscles themselves 

Ptognosis — The piognosis for spontaneous lecovery is better if operation on 
the 01 bit is avoided Some patients observed by us but not opeiated on have 
regained normal or almost normal ocular motility m from six months to a year 
Those who have had biopsies of the extraocular muscles have almost without 
exception been worse for the suigical pioceduie and have sustained some degree 
of permanent limitation of oculai motility 

The exophthalmos usually has a tendency to i egress spontaneously after the 
disease has lun its couise Sometimes endophthalmos develops, though generally 
some degree of exophthalmos remains for years 

So far as sight is concerned, the prognosis is governed mostly by how much 
damage has occuried to the cornea from exposuie Most patients retain noimal 
oi almost normal vision, though some have become blind from extensive corneal 
scars Others have suffered from optic nerve atrophy and several have lost one 
or both eyes from endophthalmitis 

Diagnosis — A positive diagnosis of chronic oibital myositis cannot be made 
without a careful micioscopic study of the extraocular muscles It is desirable 
however, to make this diagnosis whenevei possible without resorting to surgical 
intervention, since it has been shown that an operation cannot be performed with 
impunit} Several observers have reported an acute exacerbation of the exoph- 
thalmos with loss of the eye following a biopsy, and all are agreed that operation 
generally makes the condition worse Therefore it is most essential m making 
the diagnosis that one keep the clinical featuies of the disease clearly in mind 
A history of thyroid disease or of thyroidectomy makes the diagnosis much easier 
It IS eMdent from the negative results of roentgen lay, laboratory and physical 
examinations of patients with chronic orbital myositis that the clinical diagnosis ot 
this condition must depend on the diagnostic acumen of the ophthalmologist 
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must rely almost entirely on the clinical signs, the chief of which are edema of the 
hds, exophthalmos and diplopia He must rule out all othei orbital conditions 
producing this triad of symptoms, including the infectious processes of the orbit, 
such as peiiostitis, tenonitis, cellulitis, thrombosis of the cavernous sinus and 
actinomycosis Also, he must exclude the noninflammatory diseases, such as 
malignant oi benign tumoi of the orbit, neoplastic disease of the hemopoietic sys- 
tem, mucocele, hematoma, aitenovenous aneurysm, Schullei -Christian disease with 
exophthalmos, metastatic lesions, paralysis of the extraocular muscles, axial myopia 
and certain systemic diseases (e g , scurvy, rickets, chloroma and trichinosis) 

In most of the conditions enumerated, the correct diagnosis usually presents no 
difficulty In some cases of exophthalmos, however, to differentiate between some 
other condition and chronic orbital myositis by means of the clinical signs alone may 
be impossible The number of exenterations done because of a suspected malignant 
process is mute testimony to this fact 

Traction Test Because of the diagnostic difficulty, we have utilized a simple 
test which has proved to be of some diagnostic value m differentiating the 
exophthalmos of chionic orbital myositis fiom exophthalmos due to other causes 
The test consists simply of detei mining the passive movements of the globe m the 
fields of limited ocular movement This is done by first cocainizing the conjunctiva 
and episcleial tissues with 10 per cent cocaine hydrochloride (4 per cent cocaine or 
0 5 per cent pontocaine hydrochloride is less effective) and then applying a fixation 
forceps to the tendon of the extraocular muscle m question and exerting traction 
in the field of limited ocular motility For example, if there is an apparent 
paralysis of the superior lectus muscle with limited elevation, a wisp of cotton satur- 
ated with 10 per cent cocaine hydrochloride is placed in contact with the episcleral 
tissues over the tendon of the inferior rectus muscle for a few minutes A fixation 
forceps is then applied to the tendon and traction exerted upward m the field of 
action of the superior rectus muscle If the poor elevation of the globe is due 
to paresis of the supei lor rectus muscle, no difficulty will be encountered in elevating 
the globe If, however, the infeiioi lectus muscle is inelastic and fibrous, as it 
often is in chionic orbital myositis, then the globe will remain stationary even 
though strong ti action is exerted upward This simple test when the result is 
positive therefore rules out paialysis and discloses the iestiictn>^e natuie of the 
limitation of the ocular motility 

We found this test to give positive results in all 4 of oui cases and subsequently 
showed histologically the piesence of fibiosis of one oi moie of the extraocular 
muscles in each case 

In case 1 the test was first carried out with the patient under ether anesthesia 
during an exploratory operation The patient presented moderate exophthalmos, 
downwaid displacement of the globe and clinical signs of paralj'sis of elevation At 
the time of operation it was clearly evident that no mass was present above the 
globe to produce the exophthalmos and the downward rotation of the globe A 
muscle hook inserted under the tendon of the inferior rectus muscle with traction 
upward showed that this muscle was mextensible and that the inextensibility n as 
solely responsible for the so-called “paralysis of elevation ” 

In 2 other cases (2 and 3) the traction test gave positive results preoper- 
atively At operation in each case the inferior rectus muscle was found to be 
grossly inelastic, firm and fibrotic In the fourth case the inelasticity of this 
muscle was demonstrated at operation 

This simple test has been helpful m differentiating clinically the limitation of 
ocular motihty associated with chronic orbital myositis from that due to other 
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causes No claim is made for its originalit} or infallibility, since it is obvious that 
It would give a positive result in a case of congenital fibrosis of the external rectus 
muscle (Duane’s syndrome) Also, it might be misleading when traumatic or 
inflammatoiy adhesions between the extraocular muscles and the walls of the orbit 
were present That such a situation can occur was demonstrated in a case of mixed 
tumor of the lacrimal gland seen by one of us (J H D ), in which the external 
rectus muscle was affected, producing definite limitation of ocular movement 

Having m mind the clinical picture of chronic orbital myositis and the limitations 
of the ti action test, we would suggest the following clinical signs as characteristic 
of this disease 1 Painless edema of lids with gradual or sudden onset 2 Moder- 
ate to seveie exophthalmos 3 Limitation of ocular movement, especially upward 
4 A positive lesult of the traction test 

Tieatment — There is no lecognized form of treatment for chronic orbital 
myositis Suigical intervention should be avoided if possible and if carried out 
should be limited to the tieatment of the complications A biopsy should not be 
done unless the diagnosis cannot be made in any other way Most observers are 
agreed that operation on the orbit or on the muscles themselves often exaggerates 
the exophthalmos and generally makes a spontaneous recovery with satisfactory 
ocular motility impossible 

Should the integrity of the cornea become threatened by exposure, intermargmal 
sutures should be inserted or adhesions formed If the conjunctiva prolapses an 
attempt should be made to replace it or to keep it covered with petrolatum An 
evisceration oi an enucleation may have to be done for complicating endophthalmitis 

Roentgen ray therapy to the orbit has been tried with indiffeient results 
According to Niall,^'*'* such treatment to the pituitary gland has had no effect on 
this disease This form of therapy is based on the theory that the thyrotropic 
hormone or some unknown secretion from an overactive pituitary gland may be 
the cause of the exophthalmos Antisyphilitic treatment with the iodides and the 
arsenic preparations has not been of proved value, nor has it prevented extension of 
the disease to the opposite side Thyroid extract has either had no effect or has 
exaggerated the exophthalmos Intravenous admimstiation of hypertonic solutions 
has been of questionable value Cervical sympathectomy has been of no help 

SUMMARY 

Chronic orbital myositis is a nonspecific, chronic inflammator)'^ disease of the 
extraocular muscles of unknown causation It is characterized histologically by 
IjTOphocytic infiltration, fibrosis and degeneration of muscle fibers Grossly the 
muscles are enlarged, pale and cartilaginous, and they cut with a gritty feeling 
Clinically the disease is characterized by (1) painless edema of the lids of gradual 
or sudden onset, (2) moderate to severe exophthalmos, (3) limitation of ocular 
movement, especiall) upward, and (4) inelasticity of the affected muscles as shown 
by the traction test described 

CONCLUSION 

A positne diagnosis of chronic orbital myositis can be made only by biopsy of 
the affected muscles This is to be avoided if possible, however, because of the 
untow ard results attending surgical intervention The correct diagnosis can 
general!} be made fiom the clinical signs listed The prognosis for spontaneous 
recover} is good if surgical intervention can be avoided Treatment should be 
conservatne and directed primarily toivard pieserving the integrit} of the cornea 
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This IS best accomplished by such means as the instillation of liquid petrolatum to 
prevent drying of the cornea, petrolatum dressings, insertion of intermarginal 
sutures or formation of adhesions between the margins of the lids 

Dr Ludwig von Sallmann translated much of the foreign literature listed in the footnotes 

635 West One Hundred and Sixty-Fifth Street, New York 
430 Union Street, Hackensack, N J 


DISCUSSION 

Dr John S McGavic (by invitation) Dr Dunnington and Dr Berke have 
reported a group ot cases representing a distinct clinical entity not previously 
reported Orbital myositis has been desciibed as a complication of thyroid dis- 
orders, as a condition secondary to adjacent inflammation (abscess, cellulitis and 
scleritis) m trichinosis and as an isolated histologic change not associated with any 
charactei istic clinical picture 

It has been my privilege to study the biopsy material in their cases Only two 
histologic entities are likely to be confused with chronic orbital myositis (1) 
granuloma and (2) myositis of hyperthyroidism 

Birch-Hirschfeld first and later Benedict and Knight described what the}- 
chose to call pseudotumor of the orbit This term was meant to indicate how x. 
closely this lesion resembles true tumor of the orbit, many patients having had 
exenteration of the orbit after a diagnosis of neoplasm The lesion they described 
IS a granuloma Unfortunately the term pseudotumor remained and has come 
to be thought of as the ophthalmologist’s name for granuloma of the orbit 

If one IS to use this odd name pseudotumor, one should use it as a heading 
under which all non-neoplastic lesions of the orbit are placed The ophthalmic 
pathologist will better seive the clinician and avoid confusion in his own mind if 
he reports “pseudotumor granuloma,” “pseudotumor hematoma,” “pseudotumor 
myositis,” “pseudotumor cyst” “pseudotumor cholesteatoma,” and so on, for 
each of these is as much a pseudotumor as is the granuloma In fact, pseudotumor 
should be only a clinical term 

Little will be accomplished in clearing the confusion regarding the causes of 
exophthalmos until the biopsy tissue already available for histologic study is 
classified more specifically 

The first section to be shown is fiom granuloma of the orbit Histologically 
one finds tubercles made up of giant cells, some endothelial cells, lymphocytes, 
plasma cells and a few polymorphonuclear cells associated with a large amount of 
highly vascularized fibrous connective tissue The blood vessels show intimal pro- 
liferation Tuberculosis and syphilis can be differentiated leadily Muscle tissue 
may be involved along with the orbital tissues, but theie is no apparent selective 
affinity for muscle tissue Many such tumors have been studied at biopsy, and, 
although muscle tissue may be found to be involved, one does not read in the 
operative note that a large portion of one rectus muscle had to be removed to allow 
excision of the mass 

Dr Berke stated that in chronic orbital myositis the muscle itself is so 
intimately involved that resection of the bulk of it may be necessary and in fact 
was m several of the cases reported 

When one looks at the sections, one finds much more muscle tissue than is usual 
in biopsy specimens from granulomas There are focal or diffuse infiltrations of 
lymphocytes and plasma cells, some fibrosis and various amounts of degeneration of 
muscle fibers with loss of cioss striations The last-mentioned change is not usual 
in granulomas Whether or not degeneration of muscle fibers is primary or 
secondary I do not know, nor has this information been forthcoming from the 
general pathologists It seemed to me that there should be no difficulty in dis- 
tinguishing granuloma fiom chronic orbital myositis histologically To check my 
opinion, I took a group sections from what ophthalmologists call granulomas mixed 
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with the sections from muscles affected with myositis to a general pathologist who 
has done a good deal of work with muscle tissue, and he separated the sections 
from granulomas into a group by themselves, although he had not known that 
ophthalmologists haA^e a granuloma peculiar to their specialty 

After sections repiesenting chronic orbital myositis were compared with biopsy 
material from patients with malignant exophthalmos associated with hypeithyroidism 
and hypothyroidism, it was found that there was not sufficient difference in the histo- 
pathologic changes to differentiate the two conditions However, specimens from 
patients with thyioid disease showed marked variation from one muscle to another, 
and the material often was not adequate for proper study It is possible that furthei 
clinical investigation will show that some of these specimens actually did not 
represent thyroid disease It may be found that the cause of the two conditions is 
fundamentally the same, with the thyroid dysfunction a contributing factor lathei 
than a directly causatn^'e factor even when the patient has true thyroid disturbance 
At any rate in the cases reported there was more than adequate clinical evidence of 
the absence of thyroid disease 

Dr Dunnington and Dr Beike not only have presented a new and distinct 
clinical entity and desciibed a helpful diagnostic sign, but have done ophthal- 
mologists a service by emphasizing that they must classify the so-called pseudo- 
tumois according to their specific histologic types as far as this is possible 

Dr John H Dunnington In presenting this subject we have considered the 
differences of opinion that may exist with regaid to the entiie clinical picture, but 
we feel that the condition is a distinct clinical entity Some so-called cases of 
pseudotumor undoubtedly aie instances of chronic oibital myositis, but the patho- 
logic changes in most of these cases aie very different from that found in our 
cases The term pseudotumor m my opinion is a poor one and should be relegated 
to the scrap heap I should like to have the pathologists more specific in their 
diagnoses I believe that if they really made an effort they could subdivide the 
cases into then proper groups 

There are a few points which I wish to leiterate 

1 The apparent paralysis of elevation produced by the inelasticity of the 
inflamed and fibrotic inferior rectus muscle Limitation of elevation is such a 
constant finding in this disease that the presence of the disease should always be 
suspected in a case of unilateral exophthalmos with impaired upward motility of 
the eye Other conditions can produce such a mechanical interference with 
elevation, e g , traumatic enophthalmos with fiacture of the floor of the orbit The 
traction test should always be employed to piove the cause of limited motility, and 
we have found it to be of gieat value It is interesting that extreme traction on the 
inelastic muscles produces little oi no discomfort 

2 The similarity betiveen the pathologic changes in the affected muscles and 
those observed in malignant exophthalmos This makes one wonder whether or 
not m some instances the two conditions have not been confused In a few of the 
reported cases of malignant exophthalmos the basal metabolism was more or less 
normal prior to thyroidectomy, and in many diplopia was an early complaint The 
frequent spontaneous recession of the exophthalmos m the two conditions is another 
striking similarity Future investigation may prove that orbital myositis is the 
primary lesion in malignant exophthalmos and becomes aggravated by thyroidec- 
tomy Diplopia m associaton with any slight exophthalmos should make one 
suspicious of the orbital nature of the lesion 

3 The prognosis is much better if operation is avoided A biopsy is essential 
for accurate diagnosis but retards recovery and produces further cicatrication m 
the orbit 
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OF INTERSTITIAL KERATITIS 

SIMON STONE, MD 

MANCHESTER, N H 

Interstitial keratitis lemains one of the most frequently encountered compli- 
cations of late congenital syphilis From one third to one half of patients with con- 
genital syphilis have this disorder at some period of their lives ^ The fact that 
It IS most resistant to antisyphihtic therapy as compared with other lesions ^ 
has brought forth the suggestion that other factors besides spirochetal invasion of 
the cornea are responsible Trauma,^ allergic states ^ and endocrine disturbances,® 
the last m view of the frequent onset of symptoms at puberty, have all been sug- 
gested as contributory causes Sandler’s ® and Arena’s reports on rapid clearing 
of symptoms m cases of recent interstitial keratitis m from four days to three weeks 
after administration of sulfonamide compounds suggests that in some cases the 
probable cause of the acute flare-up is an organism or viius responsive to such 
therapy No reports are as yet available, however, on results of this treatment m 
cases of long-standing interstitial keratitis The favorable results of riboflavin 
therapy reported m several cases by Kruse, Sydenstnckei , Sebrell and Cleckley ® 
and by Sydenstncker, Kelly and Weaver ® have brought forth the suggestion of 
dietary deficiency as a contributing cause 

The accepted method of treatment m the past consisted of at least two years 
of injections of compounds of arsenic and bismuth combined with large doses of 
iodides Klauder and Vandoren m a recent analysis of results of treatment of 
532 patients found that the best results were obtained when artificial fever was 

From the Neurological and Artificial Fever Therapy Services, Elliot Hospital , the Syphilis 
Therapy Service of the New Hampshire State Hospital and the New Hampshire State Depart- 
ment of Venereal Disease Control 
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combined with routine tieatment While the incidence of relapses with other 
methods ranged from 13 to 18 per cent, it was only 2 per cent when routine 
treatment was combined with fever therapy The same authors found iodides of no 
value in interstitial keratitis 

PRESENT STUDY 

The beneficial effect of vitamin E (wheat germ oil) on the rate of absorption 
of tissue exudates as observed m cases of arthritis deformans, in cases of congenital 
nonobstructive hydrocephalus and in selected cases of pseudohypertrophic muscu- 
lar dystrophy has prompted the use of vitamin E in the treatment of resistant 
interstitial keratitis The action of the vitamin E was considered to be nonspecific, 
although the possibility of dietary deficiency as a contributing cause in the develop- 
ment of the keratitis was given consideration in view^ of the poor nutritional state 
of many of the patients The patients treated were seen through the venereal 
disease control clinics of the state of New' Hampshire and the syphilis therapy 
service of the New Hampshire State Hospital In the past patients in the clinics 
with interstitial keratitis w'ho did not respond to routine arsenic-bismuth therapy 
combined with oral administration of vitamin B complex were treated with 
artificial fever While the fever almost always brought relief from photophobia and 
corneal congestion and hastened absorption of exudates of recent origin, its effect 
on corneal opacities of long standing was limited The first 2 patients treated with 
vitamin E received artificial fever concurrently, although administration of the 
vitamin was begun before the artificial fever treatments were and was continued 
during the period of the treatments and for a number of months after they W'ere 
completed Since then, however, it has not been found necessary to administer 
artificial fever to any of the treatment-resistant patients m view of the improvement 
observed with vitamin therapy alone Also, in 4 cases in which artificial fever 
treatments had been earned out months earlier for neurosyphihs and associated 
interstitial keratitis with little absorption of corneal opacities as a result, vitamin E 
therapy was started a number of months after the completion of the fever therapy, 
when no further improvement from the latter was expected 

PATIENTS TREATED 

This study began m March 1940, when treatment of the first patient with 
vitamin E was begun A total of 10 patients with advanced interstitial keratitis 
have been treated to date Nine of the patients were female, and 1 was male The 
oldest patient was 42 and the youngest 7 years old The duration of the ocular symp- 
toms was thirty-five years in the oldest patient and three months in the youngest 
All of the patients had pieviously received one or more courses of arsenic-bismuth 
therapy except 1, who was treated for two years with mercury inunctions and 
acetarsone administered orally One patient received intramuscular injections of 
foreign proteins Two of the patients received artificial fever therapy concurrently 
with the vita min therapy, and 4 received artificial fever therapy from four months 
to one year before haimg been given vitamin E for associated symptoms of 

12 Stone, S The Neurological and Endocrine Aspects of Atrophic Arthritis ( Deformans') , 

J Nerv & Ment Dis 97 638 (June) 1943 

13 Stone, S Wheat Germ Oil (Vitamin E) in the Treatment of Congenital Non- 
Obstructive Hydrocephalus, J Pediat 23 194 (Aug ) 1943 

14 Stone S The Treatment of Muscular Dvstrophies and Allied Condiltions Pre- 
hminary Re^rt on Use of Vitamin E (Wheat Germ Oil), JAMA 114 2187 (June 1) 
1940 Vitamin E in Treatment of Muscle Disturbances of Infancy and Childhood, J Pediat 

18 310, 1941 
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involvement of the central nervous system Four patients received vitamin E therapy 
but no artificial fever Antisyphihtic therapy was administered only to patients 
who had not received adequate treatment m the past None of the patients in this 
group leceived injections of arsenicals or bismuth pieparations while receiving 
vitamin E 

All patients had severe limitation of vision in one oi both eyes Four patients 
had only perception of light in one eye, and 2 of the 4 had perception of fingers 
in the better eye with extensive dense opacities and scars over both corneas Anothei 
patient had an opacity involving the entire cornea of one eye without perception 
of light in that eye but with normal vision m the other eye She had had a partial 
tattooing of the involved cornea perfoimed for cosmetic reasons In the otheis the 
vision in the better eye varied from perception of fingers to blurring of vision 
Photophobia, vasculai congestion and superficial and deep corneal opacities were 
present in all cases 

METHOD OF TREATMENT 

The vitamin E was administered at first in the form of a mixtuie of wheat 
germ oil (Lilly) with vitamin B complex^® (Lederle), 1 part of the oil to 3 paits 
of vitamin B complex, in doses of 8 to 12 cc daily The vitamin B complex was 
added in view of its previously observed synergistic action with vitamin E With 
the introduction of wheat germ oil concentrates, SO mg mixed tocopherol capsules 
(Lilly) or (Winthrop) were given instead, one capsule once or twice daily, usually 
in combination with one or two capsules of vitamin B complex With improvement 
in the patient’s condition this dose was gradually reduced, so that in the end 
a maintenance dose of 50 to 100 mg of mixed tocopherols weekly appeared ample 
Several patients received this combined vitamin therapy for twelve to eighteen 
months, showing gradual but continuous absorption of corneal opacities and scars 
All patients except 1 who received artificial fever treatments had involvement of 
the central nervous system and had previously been given an average of eight to 
ten inductothermy fevei treatments with at least two hours of fever at a tempera- 
tuie over 104 F at each treatment Two began to receive vitamin E before the 
fever treatments were started, while with the other 4 patients the vitamin E therap}’ 
was not started till a numbei of months had elapsed after the fever treatments 
had been completed 

Three of the 4 patients who received vitamin therapy alone had received con- 
tinuous antisyphihtic therapy previously for at least two years The keratitis in 3 
was of long standing, and in 2 the flaie-up developed during antisyphihtic therapy 
Two patients in this group received 1 to 2 mg of riboflavin three times daily foi 
several months before vitamin E therapy was begun, without any effect on the 
corneal exudates, although the photophobia and the circumcorneal congestion were 
somewhat relieved One patient leceived no antisyphihtic therapy before the 
vitamin therapy except oral administration of acetaisone for two years and mercuri 
inunctions four yeais earhei 

RESULTS 

The 10 patients treated can be divided into three groups 2 with advanced 
keratitis who received vitamin E therapy shortly before they were given artificial 
fever treatments, 4 who received aitificial fevei therapy four to twelve months 
before being given vitamin E because of failure of the cornea to clear after artificial 
fever and 4 who received only vitamin E theiapy All showed changes for the 

15 Each 4 cc of the vitamin B complex contained thiamine hydrochloride 1 5 mg, riboflavin 
0 8 mg , nicotinamide 10 mg , pj ndoxine hj drochlonde 0 13 mg and pantothenic acid 0 2 mg 
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better withm a week after vitamin therapy was begun Disappearance of photo- 
phobia and corneal congestion were the first changes noted These were followed by 
obliteration of the capillary loops at the corneoscleral junction and wherever they 
invaded the coinea The disappearance of pathologic vascularization and clearing 
of superficial exudates and opacities usually took place at the end of two or three 
weeks The absorption of deep opacities was much slowei, and in 1 of the most 
severely affected patients the cornea did not clear entirely for eighteen months 
after tieatment was started 

Of the first 2 patients who received artificial fever treatments concurrently 
with vitamin E therapy, 1 had only perception of light in one eye and perception 
of fingers at a few feet in the better eye after eight months of intensive anti- 
syphilitic theiapy, including injections of foreign protein This patient was given 
vitamin therapy for a week before she was treated with artificial fever, and con- 
siderable relief from the photophobia and circumcorneal injection and some clearing 
of superficial opacities occurred before she received the first fever treatment 
Complete disappearance of photophobia and vascular proliferation was observed 
after ten fever treatments, at the end of one month The vision m the right eye 
was still, however, only 20/200 and that m the left eye 20/80 While the iris could 
be seen clearly at this time because of absorption of the superficial exudates, the 
fundus m the more severely affected eye could not be visualized because of residual 
deep opacities Absorption of the opacities continued gradually, and six months 
later the vision m the better eye was 20/20, with complete disappearance of all 
opacities and salmon patches The fundus of the more severely affected eye could 
be seen for the first time Eighteen months after treatment was begun, complete 
absorption of ‘the deep opacities and scars had taken place and the visual acuity 
was 20/20 m each eye This patient continued with vitamin E in gradually decreas- 
ing doses all during this period 

A similar absoiption of deep opacities took place m the second patient, although 
the visual impairment was less severe and the opacities less marked 

In the patients who received aitificial fever therapy months before the vitamin 
therapy, the absorption of deep corneal opacities became apparent only after the 
administration of vitamin E Again the absorption of the opacities was gradual 
but continuous, with a constant gam in visual acuity One patient m this group 
had had her coinea partly tattooed for cosmetic reasons, as she had completely 
lost her vision m that eye as a result of keratitis m childhood, and return of per- 
ception of light and fingers took place after the nontattooed part of the scar had 
gradually become absorbed The artificial fever was administered to this patient 
primarily for associated dementia paralytica It is possible that the artificial 
fever administered several months earlier had played a part in initiating the absorp- 
tion of the thick scar tissue 

In the patients who received vitamin therapy alone, the first evidence of 
improvement was manifested in disappearance of photophobia and corneal conges- 
tion, this usually within a week or ten days In 2 patients in whom the opacities 
were less severe, complete clearing of the cornea took place within a month In a 
patient who had had the condition for several years and had failed to respond to 
continuous antisyphilitic therapy, with only perception of light in the better eye 
owing to deep and superficial corneal opacities and advanced vascularization of 
the cornea, gradual absorption of the opacities took place and after twelve months of 
vitamin E therapy normal vision resulted, with complete clearing of both corneas 

In the fourth patient in this group, who had only doubtful perception of light 
in the affected eye associated with photophobia, capillary proliferation and obscura- 
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tion of the ins hy thick exudate, the photophobia had disappeared at the end of 
two weeks, with sufficient absorption of exudate so that the ins could be seen 
clearly Perception of fingers at a distance of 10 feet (300 cm ) returned twenty- 
four days after therapy was begun The optic fundus could be seen clearly at this 
time At the end of one month complete clearing of the cornea had taken place 
It IS significant that this patient had received no antisyphilitic therapy for at 
least four years before the onset of ocular symptoms and previously had received 
only acetarsone orally and mercury inunctions for twm years No antisyphilitic 
therapy had been administered to this patient since the onset of ocular symptoms, 
and none of the other patients in this group leceived antisyphilitic therapy wffiile 
receiving vitamin E 

Two of the patients in this group received riboflavin m doses of 3 to 6 mg 
daily foi several months before they were given vitamin E As observed m 
patients in this group and others the effect of the riboflavin w^as mainly to lelieve 
the photophobia and capillary congestion, it did not appear to hasten the absorp- 
tion of corneal exudates It is possible, how^ever, that the riboflavin content of 
the vitamin B complex which these patients received — about 16 to 2 4 mg 
daily — w^as of some therapeutic value in relieving the photophobia and corneal 
congestion The vitamin B complex was administered primarily, however, for 
Its previously observed synergistic effect on vitamin E, and absorption of exudates 
continued wdien its use was temporarily discontinued 

REPORT OF CASES 

Cash 1 — I A , a 10 year old girl, was admitted to the Elliot Hospital on March 13, 1940 
for treatment of resistant interstitial keratitis The symptoms had begun about one year before 
admission, and although she was immediately given arsenic and bismuth therapy, no improve- 
ment resulted Ophthalmologic examination on February 27 revealed considerable photophobia 
of both eyes, increased vascularization of both corneas and limitation of vision to 20/200 in the 
right eye and 20/100 in the left with and without glasses On admission she showed slight 
notching of the teeth, prominence of the frontal bosses, photophobia, bilateral corneal opacities, 
nystagmoid movements of both eyes and saber shins The vibration sense was reduced to 
one half over the tibias The biceps and triceps reflexes and the knee and ankle jerks were 
not elicited Examination of the spinal fluid disclosed normal pressure and dynamics, S 
lymphocytes, a total protein content of 25 mg, and a colloidal gold curve of The Hinton 
reaction of the blood was positive and that of the spinal fluid negative 

The patient was given wheat germ oil and vitamin B complex in a 1 6 mixture, 4 cc 
three times daily, and was given nine artificial fever treatments at three day intervals, with 
the temperature above 105 F for about two hours at each treatment On March 26 the 
photophobia had disappeared, the patient was able to dispense with dark glasses and the corneal 
opacities were almost entirely absorbed She was discharged on April 20 with the vision 
greatly improved, so that she was able to return to school 

On Feb 25, 1942 studies of the spinal fluid gave negative results, as did the Hinton test of 
the blood The vision appeared good without glasses, although nystagmoid movements of both 
eyes persisted Both corneas appeared clear and showed no evidence of nebulas or opacities 

Casc 2 — D S , a 9 jear old girl, was admitted to the Elliot Hospital on June 11, 1941, for 
treatment of resistant interstitial keratitis Symptoms of visual failure in the right eve had 
developed gradually about a >ear before As the patient failed to improve with routine anti- 
sjphilitic therapj, she was admitted to a hospital five months later for foreign protein thcrapv 
while continuing with arsenic-bismuth therapy While she was receiving this treatment the 
left eje became involved 

Examination of eyes on admission showed marked photophobia, both corneas were steamv, 
with a ground glass appearance The ins could not be seen, extensive vascularization of the 
cornea and injection of the sclera were present bilaterally, vision was limited in the right eve to 
perception of light and in the left eye to perception of fingers at about 2 feet (60 cm ) *Thc 
fundus could not be visualized in either eve The patient was given wheat germ oil and 
vitamin B complex m a mixture of 1 5, 4 cc three times daih, and one capsule of mixed 
tocopherol s dailv 
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On June 18 the cornea appeared less steam}' and the photophobia was much less pronounced 
On June 20 she was able to perceive fingers with her right eye at a distance of about 1 fool 
(30 cm ) 

On June 30, after two fever treatments and continuation of vitamin therapy, she was able 
to perceive fingers with the right eye and the four of spades at 12 feet (365 cm ) with the left 
eve On July 8 she was able to see small objects with the right eye, and the photophobia had 
completely disappeared The fundus still could not be seen satisfactorily in either ej'e On 
July 28 she had completed ten artificial fever treatments while continuing with mixed tocopherols, 
one capsule daily The corneal exudate was greatly reduced, so that the ins in each eve 
could be clearly seen 

On August 28 the superficial exudates and opacities had disappeared entirely from the left 
e\e and the vascular congestion and capillary proliferation had become obliterated 

On September 3 an ophthalmologic recheck showed the vision to be 20/20 in the right eje 
and 20/80 in the left The right cornea showed a considerable number of interstitial opacities 
There were many precipitations in the posterior surface of the left cornea In the left eye the 
anterior surface of the cornea, the anterior chamber and the lens were clear The right fundus 
could not be visualized, but the left could be seen clearly 

When the eyes were rechecked on November 4 the vision was 20/100 in the right, 20/50 in 
the left and 20/40 with glasses The patient continued with the wheat germ oil and vitamin B 
complex in a mixture of 1 3, 4 cc daily, and took 50 mg of mixed tocopherols weekh The 
opacities disappeared entirely from the left eye but persisted in the right 

On March 3, 1943 the patient had 20/20 vision in each eye All the deep exudates had 
disappeared from the right eye, the fundus could be clearly seen and there were no residuals 
except a pinpoint area at the lower part of right cornea, the remainder of a thick scar which 
previously had covered the entire lower part of the cornea and gradually had become absorbed 
She has continued to take 50 mg of mixed tocopherols once weekly, and it is expected that the 
pinpoint scar will eventually disappear 

Case 3 — E D, a woman aged 24, was seen on Aug 27, 1940, at the Manchester, N H, 
^e^ereal disease clinic She had had interstitial keratitis for several years, and although 
she had in the past received fifty-one injections of an arsenical and 107 of a bismuth prepara- 
tion, the condition had progressed When examined she showed only perception of light in 
the left eye, and there was complete obscuration of the left cornea by thick exudate, so 
that the iris could not be seen The right cornea showed superficial and deep opacities 
There was severe photophobia associated with increased vascularization She was gnen 1 mg 
of riboflavin three times daily, vitamin B complex orally and instillations of atropine 
sulfate in both eyes Except for some improvement in the photophobia and possible reduction 
in extent of the vascularization, the riboflavin had no effect on the corneal exudates The 
patient still required dark glasses because of photophobia 

On May 2, 1941, therapy with mixed tocopherols, 50 mg daily, and -vitamin B complex, 
one capsule daily, was begun Two weeks later there was considerable clearing of the exudates 
m the left eye, and she was able to dispense with dark glasses except in bright sunlight 
The dose was raised to 100 mg of mixed tocopherols daily By August 28 the opacities had 
disappeared from the right eye and could be seen in the left cornea only with oblique illumi- 
nation The patient has continued to receive 100 mg of mixed tocopherols daily and one 
capsule of vitamin B complex On October 27 both fundi could be seen clearly for the 
first time 

On Feb 8, 1942, complete clearing of both corneas was noted The patient has been able 
to return to a gainful occupation For the last month she has been receiving wheat germ oil 
and vitamin B complex in a 1 5 mixture, 4 cc daily, as a maintenance dose 

Case 4 — K W, a 14 year old girl, was seen through the venereal disease clinics of 
New Hampshire on Oct 3, 1942 because of a severe relapse of interstitial keratitis of two 
months’ duration She had received intravenous and intramuscular therapy for two years for 
an attack of interstitial keratitis The attack lasted about a year, gradually clearing after 
leaving many superficial and deep corneal opacities The examination showed severe photo- 
phobia, circumcorneal congestion and capillary dilatation and bilateral corneal opacities becau^ 
of -which the disks could not be seen clearly She was given wheat germ oil and vitamin B 
complex in a 1 3 mixture, 4 cc three times daily In one week the photophobia had dis- 
appeared, and at the end of a month the comeal opacities had become entirely absorbed She 
received 'no antisyphilitic therapy during this recurrence of symptoms, and the improvement 
resulted from the -witamin therapv alone 



STONE— VITAMIN E FOR INTERSTITIAL KERATITIS 


473 


COMMENT 

The giadual and continuous absoiption of opacities ot long standing in patients 
with mteistitial keratitis receiving vitamin E therapy, irrespective of the amount 
of antisyphihtic therapy they have received, suggests the possibility that other 
factors besides spirochetal invasion are responsible for the corneal changes Syden- 
stricker and his associates^ have suggested dietary deficiency as an important 
contributing cause besides syphilis The lack of an adequate supply of vitamins m 
the diet would result in a diminished lesistance of epithelial membianes already 
weakened by syphilis against trauma, infection or the demands of puberty Dam 
has demonstrated that deprivation of vitamin E will produce changes in capil- 
lary permeability, associated with diffuse hemorrhages and exudation of plasma, in 
chicks While this would suggest that a similar causation is responsible for dis- 
turbances in capillary permeability in human beings which have in the past 
responded to vitamin E therapy, there is also the probability that the beneficial 
results from administration of the vitamin are due to the nonspecific effect of 
the vitamins on selected tissues in the body, inespective of whether or not the 
“biochemical lesions” were caused by deprivation of vitamins Dam has also 
reported reversal to normal in capillary permeability m vitamin E— deficient chicks 
after administration of hpocaic or reduction in the concentration of soluble salts 
111 the diet while vitamin E was withheld This nonspecific effect of other therapeutic 
agents in vitamin deficiency states would make it appear probable that vitamins 
in a like manner are capable of producing beneficial effects m certain pathologic 
conditions, not because of replacement of a deficiency, but because the cellular 
lesions in these conditions are similar to those produced by vitamin deprivation 
although they are of dissimilar causation This would explain the analogous effect 
of vitamin E on the rate of absorption of tissue exudates in cases of interstitial 
keratitis and of unrelated pathologic states having increased capillary permeability 
as their common denominator 

Vitamin E as found in wheat germ oil and wheat geim oil concentrates, like 
vitamin B complex, probably contains several factors, each effective in its own 
sphere Besides its effect on capillaiy permeabilit}^ and its neurotropic and myo- 
tropic factors,^'^ vitamin E has been found in the past to pi event excessive pro- 
liferation of fibrous tissue in muscles and joints,^- as veil as m the central nervous 
S 5 '^stem It is probable that its administiation, besides increasing the rate of 
absorption of corneal opacities, prevents excessive formation of scar tissue 
Although the vitamin B complex was given simultaneously with the iitamin E 
primarily for its previously observed synergistic action with the latter,^^ there 
IS no doubt that the 16 to 2 4 mg of riboflavin thus i eceived daily helped to 
relieve some of the photophobia and circumcorneal congestion Its effect on the 
rate of absorption of corneal opacities could be discounted m view of its failure 
to produce such improvement when administered m conjunction with artificial 
fever theiapy or routine treatment Also, riboflavin vhen administered m doses 
of 3 to 6 mg daily to 2 patients several months before they had been given vitamin E 

16 Dam, H, and Glavind, J Factors Influencing Capillary Permeability in the Vitamin E 
Deficient Chick, Science 96 235, 1942 , The Effect of V itamin E on the Blood Plasma Lipids 
of the Chick, ibid 96 430, 1942 

17 Einarson, L, and Ringsted, A Effect of Chronic Vitamin E Deficiency on the Nervous 
System and Skeletal Musculature in Adult Rats A Neurotropic Factor m Wheat Germ Oil, 
London, Oxford Unnersity Press, 1938, p 127 

18 Steinberg, C L Vitamin E in Treatment of Fibrositis, Am J M Sc 201 347, 1941 

19 Daiison, C Effect of Vitamin E Therapj on the Central Nervous S^stem m 
Amyotrophic Lateral Sclerosis, T Nerv & Ment Dis 97 214, 1943 
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failed to produce any pei ceptible absorption of corneal opacities The accompanying 
photophobia and vascular proliferation were definitely improved, however For this 
reason it would be advantageous to administer iiboflavm m larger doses than the 
amount these patients received m the vitamin B complex given with the vitamin E 
Johnson and Eckardt have suggested that the capillary proliferation from the 
limbus into the cornea as observed m various forms of keratitis is the result of an 
attempt by the organism to oveicome local asphyxia m the avascular tissues of 
the cornea by making additional oxygen available for the cells of the cornea 
Riboflavin, according to these authors, through its chemical effect makes improved 
oxidation of the coineal cells possible, and as a result excessive vascularization 
becomes unnecessaiy Vitamin E was observed to produce similar results by 
reducing excessive capillary proliferation and also caused giadual obliteiation of 
these capillaries The exact mechanism involved remains unknown, however 

Besides the impiovement m the condition of their eyes, all the patients treated 
showed a notable change for the better m their physical status while receiving 
vitamin E and vitamin B complex A similar favorable response has been observed 
m patients with tabes doisahs-^ and other forms of neurosyphilis This would 
suggest the possibility that patients with latent syphilis would benefit from an 
increased intake of vitamin E and vitamin B complex irrespective of the amount 
of antisyphihtic therapy they had received 

That concurrent antisyphihtic therapy is not always needed to produce improve- 
ment in interstitial keratitis is evident fiom the fact that 3 patients received no 
antisyphihtic treatment while undergoing combined vitamin therapy One patient 
had had no treatment foi four yeais before the keratitis developed and her previous 
treatment had consisted of oral administration of acetarsone alternating with 
mercury inunctions She leceived no antisyphihtic therapy during the time she 
received the vitamin E, and dealing of the cornea resulted after four weeks of 
therapy with vitamin E and vitamin B complex Her total vitamin intake during 
this period consisted of 900 mg of mixed tocopherols, 30 cc of wheat germ oil 
and 180 cc of vitamin B complex, with a total intake of 35 ing of iiboflavin 
This would tend to support a view entertained by some physicians that anti- 
syphihtic therapy possibly plays a minor part m the cure of interstitial keratitis 
although it IS of much value in preventing relapses and minimizing some of the 
after-efifects The safest procedure would be, therefoie, to combine administration 
of vitamin E and vitamin B complex with antisyphihtic theiapy if the patient is 
considered to have received inadequate tieatment m the past and to continue with 
the vitamin therapy till all opacities have disappeared, with the dose gaged according 
to the patient’s needs If needed, artificial fever therapy should be used in con- 
junction with administration of the vitamins and chemotherapy m the treatment 
of patients with resistant keiatitis 

SUMMARY AND CONCLUSIONS 

Ten patients with interstitial keratitis were treated with vitamin E (wheat 
germ oil and wheat germ oil concentrate) All had received ample antisyphihtic 
therapy m the past Four had received artificial fever therapy a number of months 
earlier because of associated involvement of the central nervous system without 

20 Johnson, L V, and Eckardt, R E Rosacea Keratitis and Conditions with Vasculari- 
zation of Cornea Treated with Riboflavin, Arch Ophth 23 899 (May) 1940 

21 Stone, S Vitamin B and E Therapy in Tabes Dorsalis, J Nerv & Ment Dis, 

22%tone S Non-Specific Therapv of Neuros> philis Results from Intraspinal 
ictration of Thiamin Chloride Combined with Vitamin B Complex and Vitamin E (Vnea 
Germ Oil), Urol & Cutan Rev 66 714, 1942 
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its maikedly aifectmg the course of the keiatitis Two patients weie given aitificial 
fever tieatments shortly after therapy with vitamin E was begun 

Vitamin E was mainly effective in hastening absoiption of supeificial and deep 
corneal exudates, it helped to relieve the associated photophobia and reduce 
excessive corneal vascularization and ciicumcorneal congestion In cases of long- 
standing involvement with extensive opacities and corneal scarring, its admin- 
istration foi a period of months has produced a gradual and continuous clearing 
of the cornea with a leturn of normal vision In 1 case complete dealing of the 
cornea occuired after eighteen months of vitamin therap)'- although only perception 
of light was present in one eye and peiception of fingers in the other when therapy 
was begun Absorption of coineal exudates and letmn of normal vision took 
place in another case after foui weeks of vitamin theiapy alone 

Riboflavin when administered alone or in combination with vitamin E was 
effective primaiily in lelieving some of the photophobia and reducing the extent 
of ciicumcoineal injection and capillary pioliferation It appealed to have no 
effect, however, on the rate of absorption of coineal opacities and scars 

It IS suggested that vitamin E combined with vitamin B complex is a most 
valuable adjunct in the tieatment of mteistitial keratitis It hastens the absorption 
of coineal exudates and opacities of long standing, it pi events fuithei oiganization 
of seal tissues of the cornea and it reduces excessive capillary peimeability The 
addition of iiboflavin to the vitamin E is believed to enhance the action of the 
formei by its beneficial effect on cellular oxidative piocesses in the coinea If 
the patient has received ample treatment m the past, antisyphilitic theiapy is 
appaiently not needed to produce complete disappeaiance of the visual symptoms 
and corneal opacities of mteistitial keratitis Aitificial fever therapy is of value 
mainly in pi eventing i elapses and m producing more rapid amelioration of acute 
symptoms It has little effect when admimsteied alone on the late of absoiption 
of coineal opacities of long standing 

Note — Since this papei has been submitted for publication a second male 
patient with severe bilateral interstitial keratitis in a state of relapse has been 
placed under vitamin E and B therapy while cheniotheiapy is being temporarily 
withheld This patient failed to show any improvement under sulfathiazole therapy 
and following intravenous injections of riboflavin, 5 mg daily The clearing of 
the corneas has been slower in this case than m the female patients similarly 
tieated, although the rate of improvement has been slightly more rapid than during 
the previous attack, when he received chemotherapy and local therapy 

Dr Walter B Rahmanop, ophthalmologist at the Elhot Hospital, aided in the visual 
check-up and follow-up examinations of 4 patients Eh Lilly and Company, through Dr 
C G Weigand, supplied some of the wheat germ oil and mixed tocopherol capsules used in this 
investigation Mixed tocopherol capsules were also supplied hr the Winthrop Chemical Com- 
pany, Inc, and the vitamin B complex was made available b\ Dr J M Ruegsegger, of the 
Lederle Laboratories, Inc 


1426 Elm Street 



PATHOLOGIC ANATOMY OF MYOPIC EYE WITH REGARD 
TO NEWER THEORIES OF ETIOLOGY AND 
PATHOGENESIS OF MYOPIA 


FREDERICK W STOCKER, MD 

DURHAM, N C 

Although the pioneer w ork of Steiger ^ has considerably enlarged the present 
conception of the development of the different types of refractions of the eye, 
there remain a number of problems in this field awaiting solution It seems that 
starting from infantile hypeiopia the development of the eye follows a plan of 
which the aim is to reach a state of approximate emmetropia A definite correla- 
tion of giowth between the various parts of the bulbus is necessary in order to 
accomplish this aim Eyes with high refi acting power develop a short axis, and 
eyes with low refraction develop a longer axis (Wibaut,^ Straub,® Wessely^) 
Thus emmetropia does not depend either on an axis of a certain length or on a 
certain power of the refracting system but is the result of an adequate coi relation 
of the two This becomes obvious when one takes into consideration the fact 
that the average length of the emmetropic eye varies from 22 to 25 mm (Wessely) 
Besides emmetropia there exists ametropia on both sides, with hyperopia on one 
and myopia on the othei, which must not be considered pathologic but a result 
of normal variabilit} It has been demonstrated that if one draws a curve to 
show the number of instances of emmetropia or any degree of ametropia found 
among a certain number of cases, the peak is at 0 50 D of hyperopia This means 
that the greatest number of persons are nearly emmetropic Nevertheless, there 
IS a definite difference between the shape of the curve based on statistics and the 
binominal type of curve which would be expected if all ametropia were merely 
the result of biologic variability 

In the sector of the curve covering higher grades of myopia the broadening 
IS particularly impressive It can be shown that the curve becomes fairly regular 
when one does not take into consideration cases in which there is more than 6 D 
of myopia (Tron ®) or all of those in which there are alterations in the fundus, 
for instance conus (Betsch But even if one does not take into consideration 
extreme variations the curve appears too long, or, in other words, there are many 
more cases around the optimum (-|- 0 50 D ) than would be expected from purely 
mathematical calculations It is not possible to answer by scientific methods the 

From the Department of Ophthalmology of Columbia University College of Physicians 
and Surgeons, and the Institute of Ophthalmology of the Presbyterian Hospital, New York 
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question of wh} tlieie are so many more cases of normal lefraction than would 
be expected from calculations One is facing heie one of the mysteries of cieation 

It IS a faiily well established assumption that m each person the refraction 
of the eye is determined to a large extent by hei editary factors (Waardenburg ") 

Having taken into consideration these facts, one might establish the limit of 
physiologic variations at about 6 D of myopia Higher giades, especially when 
accompanied with destructive alterations m the fundus, ought to be considered 
pathologic with coi relation having been lacking in the development of the vaiious 
parts of the bulbus 

The present study involves a consideration of these grades of high myopia 

It IS known that the length of the axis is the most impoi tant factor in detei min- 
ing the grade of such myopia But it has been found by Schnabel and Herrn- 
heiser ® that m myopia of 2 to 8 D the length of the axis varies between 23 and 
26 mm , the lange foi emmetropia being 22 to 25 mm In the high grades, how- 
ever, the length vanes from 27 to 36 mm (Wessely'^) For this reason such 
grades have always been called axis myopia This spectacular fact of lengthening 
of the axis led to the assumption of a stretching process which produced both 
the length of the eye and the alterations obseived ophthalmoscopically and histo- 
logically m the fundus Some anatomic findings, for instance the thinning of the 
sclera at the posteiioi pole, supported this theory, and once the idea was staited 
all other alterations found m the myopic fundus were attributed to this sti etching 
factoi Although this theory has become an almost universally accepted basis 
for all explanations of myopia, one must acknowledge that the existence of such 
a stretching factoi has never been demonstrated However, it has been claimed 
that the stretching is dependent on the intraocular tension ° 

The intraocular tension is by no means elevated in the myopia in comparison 
with the emmetropic eye but has, on the contrary, been found reduced in about 25 
per cent of cases of myopia of the higher giades (Wolff ^°) To meet this objection 
the theory was pioposed that there might be a weakness of the sclera toward noimal 
or even subnormal intraocular pressure A statement made by Lange pointing 
in the same diiection, according to which the scleia of myopic eyes should contain 
fewer elastic fibeis than the normal sclera, has been entirely lefuted by Birch- 
Hirschfeld’s findings Kuschel went so far as to claim a relation between 
flatfoot and myopia as a sign of weakness of all supporting tissues Howevei, 
such weakening of the sclera would probably lead to a geneial enlargement, oi 
buphthalmos Since buphthalmos develops only during the peiiod of general 
growth, this theory leaves unexplained the late development of or increase m 
myopia It is known, moreover, that growth of the bulbus is generally complete 
at about the age of 15, an age at which the myopic piocess not only is actne but 
may be accentuated 

7 Waardenburg, P J Refraction und Zwillingsforschung, Klin Monatsbl f Augenli 
84 593, 1930 

8 Schnabel, J and Herrnheiser, I Ueber Staphyloma posticum, Konus und AI^ople 
Ztschr f Heilk 103 288, 1930 , cited by Wessely ^ 

9 Grunert, K Die Dehnsucht des Auges (Mjopie) und ihre Behandlung, Munich, J F 
Lehmanns Verlag, 1934 

10 Wolff, E Pathologj" of the Eye, Philadelphia, P Blakiston’s Son &. Co , 1935 

11 Lange, O Zur Frage nach dem Wesen der progressnen IMyopie, Arch f Ophth 60 

118, 1905 

12 Birch-Hirschfeld, A Zur Frage der elastischen Fasern in der Sclera hochgradig 
kurzsichtiger Augen, Arch f Ophth 60 552, 1905 

13 Kuschel, J Die Erschlaffung der KoerperKonstitution als Veranlagung zur Kurz- 
sichtigkeit, Ztschi f A.ugenh 51 339, 1923 
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So the theory \\as evolved that the weakness of the sclera is confined to the 
posterior pole and that the othei layeis, the choroid and retina, follow the enlarge- 
ment there and become sti etched But Vogt^^ pieviously pointed out that the 
alterations m the choroid and m the letnia do not occur when this so-called 
sti etching is supposed to happen, that is, when the myopic bulbus becomes oblong, 
but sometimes many yeais later He therefore opposed this purely mechanical 
hypothesis and tiied to find an explanation with a biologic basis He took as his 
major premise the fact known in embryology that the principal pait of an organ 
always determines its size and shape and that the surrounding protective tissues 
accommodate themselves to that shape, just as the size of the brain detei mines 
the size of the skull So the retina, which undoubtedly may be considered the pre- 
dominant functioning element of the optic apparatus and is indeed but an outpost 
of the brain, may determine the size of the bulbus A letina with much inherent 
growing power, therefore, would pi edetermine a long eyeball and produce myopia, 
while a retina with less growing powei might cause the bulbus to be small, with 
emmetropia oi hyperopia There aie facts which seem to prove a i elation between 
the size of the eye and the development of the brain I have found that hyperopia 
IS more likelj'' to be found in children with poor intelligence On the other hand, 
Braun saw higher efficiency m myopic than in average children Furthermore, 
the eye increases from one to three and four-tenths times from birth to maturity 
(the brain from one to three and seven-tenths) whereas the figuies for the entire 
body are only one to one and seven-tenths according to Wessely^ I am studying 
the problem along this line also, but the aim of the present study is to deal exclu- 
sively with the pathologic anatomy of myopia 

I shall try to explain the pathologic anatomy in the myopic eye without relying 
on the stretching theory I also shall try to ascertain whether tlie growing power 
of the retina is the detei mining factor in the pathogenesis of mjopia or whether 
other possibilities must be taken into consideration 

It may be useful to begin with a recapitulation of the most impoitant anatomic 
changes which are generally considered to be characteristic of myopia They are 

1 Lengthening of the axis of the bulbus, enlarging of the posterior part of 
the bulbus and thinning of the sclera in the posterior segment accompanied by a 
lamellar arrangement of the scleral fibers 

2 Anomalies at the optic disk such as an oblique entrance of the optic neiwe 
into the globe, myopic crescent, supertraction of the nerve fibers on the nasal 
side, temporal loop of the nerve fibers and lacunal atiophy of the optic neive 

3 Atrophy of the choroid and changes in the ciliaiy muscles 

4 Changes in the retina, such as atrophy of the pigment epithelium, rods and 
cones, cystic degeneration, and total atrophy 

The chronologic appeal ance of these changes is interesting and is of special 
importance in relation to the retina, as shall be seen in the discussion of the various 
theories In the discussion of Vogt’s paper, there emerged the suggestion that 
it would be most valuable to examine eyes in the early stages of myopia in order 
to find out where the first changes can be seen, as later on, when the choroid 

14 Vogt, A Zur Genese der sphaenschen Refractionen, Ber u d Versamml d deutscli 

ophth Gesellsch , 1922, p 68 ^ 1 1 rr /"Fw 

15 Stocker, F Ueber Beziehungen zwischen Refraction und Gehirnentwicklung i-c- 

Beitrag zum Refractionsproblem), Arch f Ophth 133 131, 1934 

16 Braun, E Beitrag zur Frage von den Beziehungen der Refraktion der Aiigen zur 
Gehirnausbildung, Schweiz med Wchnschr 65 1124, 1935 
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has become atrophic, the retina of course suffers the external layers of the retina 
being nourished b} the choroid It is obvious that e}es in the early stages of 
myopia are difficult to get for anatomic examination 

While examining microscopically a great number of myopic eyes from the 
collection of the Institute of Ophthalmology of the Presb} terian Hospital and some 
from the New York Eye and Ear Infirmary, I had a chance to study histological!} 
a myopic eye from a 15 year old boy ^^hose second eye showed myopia of 2 75 D 
with typical myopic changes in the fundus The e}e had been enucleated because 
of severe blunt trauma vith intraocular hemorrhage but without rupture of the 
bulbus 

The bulbuh was much elongated, especially in the posterior segment, and differed decidedh 
in shape from a bulbus with buphthalmos due to rise of tension during growth The accom- 
panying table show s the measurements of this eye m comparison w ith a normal eye of the same 
age from the collection and wuth the average emmetropic and mi'opic eye according to Wesselj ^ 
The following statement seems justified after a comparison of the figures in this table 
The axis of the e\e of the young mjopic patient was markedly longer than that of the 
average emmetropic e 3 'e and of the eje of a normal 15 jear old bo\ Furthermore, its sclera 
at the posterior pole appeared to be thinner than in the average emmetropic eje Near the 
ora serrata the sclera was about as thick as it is in the average emmetropic eye and some- 
what thicker than in the average mjopic e>e and the 03 e of a normal 15 year old boy' These 


Compaiative Measurements of a Myopic Eye from a 15 Ycai Old Boy 



Length of 
Axis, 

Mm 

Thickness of feclera, Mm 



Posterior 

Pole 

Oro 

Equator '^errata 

Emmetropic ejes (average according to Wessclj) 

22 U 

OCG 

0 42 

0 53 

Myopic eyes (average according to Wessety) 

27 35 

0 21 

0 32 

0 45 

Normal eye from 15 year old boy 

22 

0 41 

0 30 

0 34 

Myopic eye from 15 vear old boy 

23 

0 34 

0 41 

0 4G 


findings lead to the conclusion that an enlargement of the bulbus had taken place, with the 
abnormal growth m length confined to the posterior segment This is to be considered typical 
of myopia, in contradistinction to buphthalmos, in which the enlargement is uniform through- 
out the bulbus 

Microscopic analysis revealed, besides signs of intiaocular hemorrhage and a slight cupping 
of the optic ner\c, the following alterations tipcial of myopia 

1 Sclera The structure of the sclera was little different from that in a normal specimen 
and did not show m any degree the flat arrangement of the fibers reported by several authors 
to be typical of high myopia I my'self have confirmed this arrangement in an eye with 
high myopia with an axis of 30 mm 

2 Optic disk Neither the choroid nor the retina reached the temporal border of the optic 
disk The sclera, temporally from the disk for a short distance, lav directly beneath the 
nerve fiber laver of the retina Then, sharply defined, the almost normal choroid and retina 
appeared There was no partial atrophy' of the choroid, which sometimes extends farther 
temporallv in cases of pronounced myopic conus Nevertheless, there was no question of 
the presence of a beginning crescent Because of an artificial defect in the specimen the 
real position of Bruch’s membrane m that area was not well defined On the nasal side 
the retina and choroid clearlv overlapped the border of the optic disk, the choroid going 
about as far as the retina The nerve fibers turning around the edge of the retina reached 
the nasal side of the optic nerve and formed a loop The picture was typical of so-called 
supertraction, a phenomenon which according to mv reasoning would better be called super- 
volution, as will be explained later The so-called temporal loop of the nerve fibers m the 
area of the crescent was absent (fig 1 ) 

3 Choroid The choroid was normal throughout The blood vessels were of normal si/c 
and number in all three lavers Extensive regularlv distributed pigmentation was present 
Bruch's membrane was nowhere interrupted The suprachoroid area did not show anv change 
Not the slichtest «ign of atrophv could be detected 
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4 Retina The retina was normal throughout The pigment epithelium and the rods and 
cones showed no changes No C 3 'Stic degeneration (Blessig’s cysts) was present There were no 
signs of thinning, nor did counting of the nuclei in the different layers according to Ida Mann’s 
method reveal any change A section through the macula as seen in figure 2 showed the 
absolutely normal condition of choroid and retina in that area 



Fig 1 — Optic nerve head of a 15 year old myopic patient C, crescent, S, supratraction, 
or supervolution 



Fig 2— Region of the macula of a 15 year old myopic boy Note the perfectly normal 
structure of the retina and choroid 


I The Development of the Human Eye. New York, The Macmillan Company, 

1928 
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To summarize, the following anatomic changes typical of myopia were present abnormal 
length of the bulbus, slight thinning of the sclera at the posterior pole, beginning temporal 
crescent and supertraction of the retina on the nasal side of the disk Absent were all signs 
of atrophy in the choroid and the retina It therefore may be stated that this juvenile myopic 
eye was already considerably larger than a normal emmetropic eye The lengthening was 
accompanied by a slight thinning of the sclera at the posterior pole combined with beginning 
temporal crescent, no other signs of stretching being present 

I shall now leave discussion of this eye in order to review the pathologic changes 
in myopia in general as reported in the literature and as illustrated by my study of 
numerous myopic eyes Special attention is given the question whether these 
changes aie observed exclusively in myopia 

1 Thinning of the sclera at the posteiioi pole This can be found m higher 
grades of myopia almost regularly and has been obseived m many specimens 
As the case repoited reveals, it may be piesent at the beginning of the myopic 
lengthening process and therefore be considered an early sign of myopia On the 
other hand, E Fuchs and others have seen myopic eyes with a sclera even 
thicker than that m the average emmetropic eye Extreme myopia, however, 
was not present among these eyes A flat arrangement of the scleral fibers is 
generally found in cases of thinning No parallel to these scleral changes has been 
found m senility 

2 Temporal conus, or crescent A temporal crescent is seen fiequently in 
high myopia both ophthalmoscopically and microscopically But the fact that there 
IS no inevitable relationship between the degree of myopia and the size of the 
crescent has been emphasized by Parsons^® and others Although moie fiequent 
in myopic eyes, crescents are found in emmetropic and even m hyperopic eyes 
The pathogenesis of the descent, or conus, hds been explained by an eversion 
of the sclerotic canal of the optic nerve (Stilling and by atrophy of the choroid 
following sti etching Evidence foi the first possibility can be seen in those cases 
111 which repeated ophthalmoscopic examinations over a period of several years 
reveals the migration of a pigment spot temporally from the border of the disk 
as the formation of the conus progresses Many variations can be obseived in 
the relation between the retina and the choroid at the site of the crescent Some- 
times they remain the same distance from the disk, and sometimes the atrophy of 
the choroid goes much farther, being overlapped by normal retina or by retinal 
layeis which peisist m the area of the crescent Bruch’s membrane may persist 
well towaid the disk or, conveisely, may terminate well back of the retinal border 
(fig 4) It IS haid to say whether or not m the latter case the cause is choroidal 
atiophy In this connection one should bear in mind the fact that a crescent 
similai to that found in myopic eyes can be seen in old eyes which are not at all 
myopic, as shown by Buecklers,-^ and that the crescent is not always located on 
the temporal side but can be ciicumpapillar on the nasal or the inferior side of the 
optic disk Von Szily “ found that 13 43 pei cent of all crescents are not temporal 
ones, and he stated the belief that a tendency towaid conus develops m fetal life 
The pictuies he reproduced from fetuses indeed resembled the ordinary crescent It 
should be said, how ever, that conus has rarely been obsei \ ed in early life, generally 
not appearing until the second decade And theie is no eMdence that the crescent- 

18 Fuchs, E opische Augcn nut dicker Sclera, Khn Monatsbl f Augenh 62 429,1919 

19 Parsons, J H The Pathologj of the Eje, New York, G P Putnam’s Son, 1909 

20 Stilling, J Ueber den Conus, Ztschr f Augenh 4 563, 1900 

21 Buecklers, M Anatomische Untersuchungen ueber die Beziehungen zwischen dcr 
scmlen und der nnopischen circumpapillacren Aderhautatronhie, Arch f Ophth 121 243, 1929 

22 \on Szih, A Ueber den “Conus in heterot'i pischer Richtung,” Arch f Ophth 110 
183, 1922 
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like formations found in embiyos would have been crescents in adults I have 
a feeling that the}^ might as well be considered transitory stages of development 
Combined with the conus m many cases is the following peculiar phenomenon 
3 Tempoial iieive fibeis loop In cases of crescent m which the retina over- 
laps the choroid tow^ard the optic disk, the nerve fibers corresponding to the most 




Fig 3 — A, temporal part of the optic nerve head of a 66 year old myopic patient, with 
crescent and nerve fiber loop The choroid is absent in the area reproduced B, schematic 
explanation oi A, L indicates the ^er^e fiber loop 


temporal part of the optic nen^e happen to turn around the edge of the end of the 
retina, following a direct retrograde direction beneath the retina to a certain point, 
where they turn back in a sharp angle in order to reach the optic nerve Figure o, 
showing a section of a 66 year old m}^opic eye, reproduces this phenomenon photo- 
graphically as far as I know for the first time, the previously published pictures 
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having been diawings This anatomic peculiaiity was desciibed fiist by Weiss”® 
and was studied extensively by Heme The lattei stated the belief that while 
drawn back by the sti etching piocess Bruch’s membrane by means of its ramifi- 
cations extending into the optic disk pulls along some of the neiwe fibers But 
Siegrist and Inoye found that theie is no evidence of such ramifications In my 
investigation of Biuch’s membrane I found that its site m the normal eye lelative 
to the choioid and optic disk is subject to great variation Sometimes it reaches 
far into the optic disk, going much faithei than the choioid Sometimes it stops 
at the border of the disk, together with the choroid The fact that the neive fiber 
loop sometimes does not reach the end of the membiane (fig 4) is one more indica- 
tion of the impi obability of Heme’s explanation Siegrisl gives another explanation 
He could demonstiate fibeis fiom the connective tissues of the choioid spreading 



} RETINA 
1 CHOROID 

SCLERA 




B r 


Fig 4 — A, temporal part ot the optic nerve head of a 66 year old myopic patient, L indi- 
cates the nerve fiber loop and B the termination of Bruch’s membrane B, schematic evplana- 
tion oi A, L indicates the nerve fiber loop 


out into the optic nerve head He stated the belief that when the choroid is 
retracting after the stretching process these fibeis may pull with it some of the 
nerve fibers in the neighboihood As will be seen latei, the course of the neuroglia 
fibers of the retina shown with Masson’s tnchrome stain (hematoxylin, fuchsm 
and aniline blue) leads me to an explanation which appears more natural I 

23 Weiss, L Zur Anatomic der Emtnttsstelle des Sehnerven, Period internat Ophth - 
Cong Ber 7 339, 1888 

24 Heme, L Beitrage zur Anatomic des myopischen Auges, Arch f Augenh 38 277, 1899 

25 Siegnst, A Refraktion und Akkommodation des menschlichen Auges, Berlin, Julius 
Springer, 1925 

26 Inoye, S Ueber die sog Auffaserung der Membrana elastica chorioideae im Sehnerven- 
kopf und ihre Rolle bei der myopen Konusbildung, Klin Monatsbl f Augenh 74 124, 1925 
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wish to emphasize, howevei, that I obseived the neive fiber loop also in an 
with senile crescent which did not show any signs of myopia Previously Wessely ^ 
pointed out that it may occui in nonmyopic eyes 

4 Supeiti action of the retina over the nasal pait of the disk Often in high 
myopia the letina oveilaps the nasal pait of the disk As demonstrated by the 
15 yeai old eye desciibed, it can occur in an eaily stage In this eye the choroid 
also took pait in the ovei lapping This of couise is not the rule Often the choroid 
stops at the bolder of the disk and the letina alone extends faithei, as shown in 
figure 5 Theiefoie the explanation given b}'^ A Fuchs seems not to be accurate 
He said 
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Fig 5 — Nasal part of the optic nerve head of a mjopic e^e, showing supertraction, or 
supervolution The choroid stops at the margin of the optic disk (o), while the retina parth 
o\erlaps the nerve head (b) 



Fig 6 — Mj'opic crescent, nerve fiber loop and supertraction shown scheinaticallj R, retina, 
Ch, choroid, Sc, sclera, ON, optic nerv'e, NF, nerve fiber loop, T, point where hypothetica 
power would have to exercise traction to produce supei traction , aa', area of crescent where the 
sclera is not covered b} the choroid 


In cases of progressive mjopia the membranes of the eje are distended more and more at the 
posterior pole of the eye, the distention of the sclera being greater than that ot the clioroid 
Consequently the opening in the choroid through which the optic nerve passes is displace! 
temporally to the opening in the sclera so as to pull the choroid over the nasal margin ot 
the scleral canal 

To explain this mechanical problem I drew a little sketch (fig 6) It shows 
schematically the relative position of the optic nerve, choroid and retina in case 
of supertraction in which the choroid is not involved in the process It is obvious 

-77 Fuchs, A Atlas of the Histopathologv of the Ev e Leipzig, F Deuticke 1924 
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that the torce of tlie ti action should apply to point T, but it is hard to imagine 
what pulling powei would act and how it could act there I theiefore piefer the 
purel} descriptive expression “supei position,” which implies nothing relative to 
the supposed mechanism (Wessely *) I shall, however, desciibe later anothei 
tentative theory which w^ould rathei lead to the expiession “supervolution ” 
Although the phenomenon of the superposition is appaiently found rarely m con- 
ditions other than myopia, it is not absolutely confined to myopia Verhoeff 
obseived it m a case of amauiotic idiocy m wduch myopia w^as ceitainly absent 
But this combination, on the other hand, seems not to be characteristic either 
In 2 cases of amaurotic idiocy repiesented in the collection of the Institute of 
Ophthalmology of the Presb}'terian Hospital I could not find it 

5 Atrophy of the choi oid It cannot be the purpose of this study to enumerate 
all details of the choroidal atroph} associated w'lth myopia One must keep m 
mind the fact that in the juvenile myopic eye the choroid may be without any 
signs of atrophy although the eje has giowm consideiably m length This state- 
ment IS supported by the anatomic pictuie m the case lepoited Vogt^° w^as 
ceitainl}'^ right wdien he pointed out that the atiophy of the choroid does not occui 
at the time of the lengthening of the bulbus but often many yeais later It also 
must be noted that there can be a gieat resemblance between some choroidal 
changes found in myopic eyes and senile degeneration No anatomic observations 
have so far been published which w^ould suppoit Lmdnei’s ““ theory that a defective 
suprachoroid space w^ould deprive the sclera of piotection against the hypothetic 
digestive action of the tissue I carefully examined the slides of the macular 
legion m the case reported but could not find any signs of such deficiency 

6 Retinal changes One of the alterations often found m myopic eyes is 
cystic degeneration at the ora serrata This is not, how^evei, regulaily found 
111 myopic e)^es, nor is its appearance confined to myopia In the juvenile eye 
described no Blessig’s cysts could be seen These cysts seem to be piesent more 
frequently m old age, but, on the other hand, they cannot be considered typically 
senile In the material at hand I found them in normal eyes of patients 15, 27 
and 47 years of age Ochi has observed cystic degeneration in children under 
4 }ears Kalmer®- stated that Blessig’s C 3 '^sts are so frequently uni elated to a 
specific condition that they can haidly be considered pathologic 

I could not find other types of degeneration, such as disappearance of the pigment 
epithelium, crippling of rods and cones and, finally, atrophy of all the layers, 
except in cases of advanced involvement in which the respective parts of the choroid 
were definitely deteriorated I never found retinal atrophy over a sound part 
of the choroid 

7 Lacunar atrophy of the optic nerve This severe condition of the optic 
neive stem is found in high myopia combined with extensive destruction of all 
the tissues of the bulbus But it is also found in advanced stages of glaucoma, 
and there is some controversy about w^hether it can be found m simple myopia 

28 Verhoeff, F H Amaurotic Family Idiocy Histological Examination of a Case m 
Which the Eyes Were Removed Immediately After Death, Arch Ophth 38 107, 1909 

29 Vogt, A Ueber Beruehrungspunkte der senilen und myopischen Bulbusdegeneration, 
Klin Monatsbl f Augenh 32 212, 1924, footnote 14 

30 Lindner, K Neue Gedanken ueber die Entstehung der Kuizsichtigkeit, Klin Monatsbl 
f Augenh 103 582, 1939 

31 Ochi, S So-Called Cystic Degeneration in the Peripheral Retina, Am J Ophth 
10 161, 1927 

32 Kalmer, W Haut und Sinnesorgane, in von Mollendorf, W Handbuch der mikro- 
skopischen Anatomie des Menschen, Berlin, Julius Springer, 1936 
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alone oi combined with glaucoma At any rate, it cannot be considered typical 
of myopia 

In view of the facts regaiding the pathologic anatomy of myopia derived from 
a careful study of the literature and fiom my obseivations, the issue of this study 
may now be considered 

There are two mam questions The first one concerns the pathogenesis of 
the supposed stretching process of the myopic eye The second is, Is it necessary 
to admit something like a stretching process in order to understand the pathologic 
anatomic changes or can these be explained as well or better by another theory? 

The important fact derived from study of a juvenile myopic eye is that the 
sclera can be thinned and the bulbus considered enlarged at the posterior pole 
while neither the choroid nor the retina shows the slightest pathologic change 
This makes it hard to believe that the alterations found in the choroid and retina 
in older myopic eyes aie the lesult of stretching One would expect the stretching 
effect on the choroid and retina to appear when the enlargement of the bulbus occurs, 
whereas the choroidal and retinal atrophy begins much later, when the size of 
the bulbus has generally become more stable 

These facts are much easier to understand if one follows Vogt’s theory that 
the retina is the determinative factor in the size of the eye If the retina has a 
stronger tendency to grow than the sclera, the latter might be stretched This 


Fig 7 — Fold of retina near the ora serrata in the eye of a newborn infant 

“push” of the retina on the sclera has, of course, to be taken not as mechanical 
but as purely biologic Besides the fact that in a young myopic person the sclera 
is already affected while the retina is intact, other features of the anatomy of the 
myopic eye can be explained naturally by the theory One of these is the super- 
traction of the retina over the nasal part of the optic disk It should be noted 
that the way of postembryomc growth of the retina is not yet well known B 
IS the opinion of many authors that the retina does not produce new cells after 
birth If there is any postembryonal growth it is to be expected at the ora serrata 
according to Mann and Kalmer Whether the retinal folds I found near 
the ora serrata m many eyes of newborn infants have something to do with this 
question I do not know (fig 7 ) But, although Lange,®® who first described 
these folds as regularly present in the newborn, later was inclined to take them for 
an artefact due to fixation, the fact remains that they can never be seen in adults 
although the same methods of fixation are employed One could imagine that 
the young tissue, still growing, in the region of the ora might be especially sensitive 
to the fixation chemicals and therefore give origin to these folds If m myopia the 
growing retina is the determinative factor the new retinal tissue produced at the 
ora would push the existing retina backward Obviously the sclera gives vay 

33 Lange, O Ber u d Versamml d ophth Gesellsch, 1893, p 236, Anatomie des 
Auges des Neugeborenen SuprachoroTdalraum , und sog physiologische Excavation e 
Sehnervenpapille, Khn Monatsbl f Augenh 39 202, 1901 
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to this biologic piessuie at the posteiioi pole, becoming thinned, and the biilbus 
enlaiges, wheieas the letiiia, as the acting factoi, does not show signs of stretching 
but follows the receding scleia It is known that the scleia does not give wa}^ 
as much on the nasal side of the optic disk as it does on the tempoial side The 
growing retina pushes ahead ovei the nasal pait of the disk, thus leading to the 
condition known as supei traction oi supei position As to the described mechanism’s 
being moie a push than a ti action, I would call it rathei supervolution (figs 6 
and 8) depending on the inheient gi owing powei of the retina and the choroid 
The latter may take pait in the ovei lapping oi let the letina slide over Thus it 
can be explained why sometimes the letiiia alone (fig 5) and sometimes both the 
letina and the choroid aie present (fig 1) m the superti action 

On the temporal side of the disk the opposite happens Theie the retina finds 
ample space to grow because of the receding of the sclera It may m ceitain 
cases happen that the scleia responds to the biologic pressure of the retina in an 
exaggeiated way, so that the growing ability of the letiiia and choroid becomes 
insufficient to compensate foi the enlaigement of the sclera, the lesiilt being a 



Fig 8 — A drawing to show how the retina (R) would grow backwaid from the ora 
serrata (0), causing a distention of the sclera (Sc) at the posterior pole (M, macula) and 
overlapping of the nasal part of the optic disk supervolutioii 

gap between the end of the choioid and letina and the temporal border of the 
disk This will lead to the condition known as temporal crescent, oi conus The 
crescent therefore will be due to eveision of the scleial canal of the optic neive 
on the temporal side and incongruence of growth of the choroid and retina with 
growth of the scleia This may become complicated later by atiophic degeneration 
If this assumption is correct the peculiai phenomenon of the temporal nerve fiber 
loop can be explained naturally in the following way In figure 9, which shows 
a section through the optic disk of a normal bulbus, stained with Masson’s tiichorome 
stain, It can be seen clearly that at the edge of the disk a bundle of neuroglia fibers 
turns from the retina tempoially into the inner layeis of the scleia (These fibers 
in reality appear red ) As the nerve fibers necessarily are interlocked with the 
neuroglia fibers, some of them must be diawn along with the neuroglia if eveision of 
the temporal side of the sclerotic canal occurs This explanation seems to be more 
natural to me than a pull by choroid fibeis radiating into the nerve head (Siegnst 
or even by Bruch’s membrane (Heine^^) 

After a consideration and evaluation of all the facts discussed the following 
explanation of the pathogenesis of the myojpic enlargement of the bulbus and the 
accompanying anatomic changes is possible 
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Under the assumption that the enlargement of the bulbus is due to a stretching 
process it appears most likely that the determinative factoi is the letina During 
the initial stages of the development of myopia the retina remains normal, whereas 
the sclera becomes thinner at the posterior pole as the bulbus enlarges Latei 
atrophic changes in the choroid take place, and only after that the retinal atrophj 
occurs Briefly, the pushing part naturally is not stretched, wheieas the pushed 
sclera, having to adapt itself to the larger size of the pushing part, becomes thinnei , 
and the arrangement of its fibers shows a change which can possibly be explained 
by a stretching process The fact that the retinal vessels are often seen to be 
stretched out in high giade myopia does not prove a stretching of the retina propei, 
as embryologically the blood vessels aie not of the same neuioectodeimic origin 
At the time when the retina begins to show atrophy theie is generally no longer 
any considerable stretching under way The retinal changes appeal exclusive!} 
in areas where the choroid is deficient As the choroid is supposed to supph 
the outer layers of the retina, its deterioiation may cause damage to the lattei 
Ihus the letinal atiophv should be consideied as a secondary happening 



Fig 9 — Temporal part of the optic nerve head of a normal eye piepaied with Massons 
trichrome stain Neuroglia fibers of the nerve fiber layei of the retina tuin around the end 
of the retina and reach the superficial layers of the sclera 

But the assumption of a stretching process is not essential to explain the 
pathologic anatomic changes in myopia, and the fact that the same or very siinilai 
alterations can be found in various conditions other than myopia makes it doubtful 
It seems to be possible that each coat of the bulbus, retina, choroid and sclera 
has its own inherited potential of growth In the majority of persons there exists 
enough coordination to secure the development of an eye which is emmetropic 
or nearly so In myopia there would be incongruence of growth of the different 
constituents, not only resulting m an abnormally long bulbus but producing the 
various anatomic phenomena obseiw^ed in myopia An inherited degeneiatiye 
factoi may produce chorioretinal atrophy similar to senile changes Most probabn 
myopia and its anatomic attendants are not a hereditary unity but a combination 
of individually varying factors which may or may not result in a manifestation 
of myopia This, of course, may explain the difficulty of establishing the denni c 
coinse of heredity in myopia 
1021 Minerva A^enue 



COMPARISON OF A NEW SENSITOMETRIC MEIHOD 
WITH USUAL TECHNICS OF REFRACTION 

AIATTHEW LUCKIESH, D Sc 

CLEVELA.ND 

AND 

LIEUTENANT COJ^IAIANDER FRANK K MOSS, USNRt 

During the evolution ot a ne\\ technic of subjective lefi action -vaiious aspects 
and lesults have been piesented^ In the piesent papei compaiisons aie made of 
this sensitometnc method with the usual technics of lefraction fiom various 
static and dynamic viewpoints The apparatus in its piesent form is illustrated 
in figuie 1 The knurled knob at the right opeiates the circular giadients of a 
specially adapted Luckiesh-Moss visibility metei, and the opeiatoi conveniently 
reads the settings, made by the subject, on the enclosed c^hndiic scale at the left 
The position of the conveigence taiget is shown foi a test of near vusion Vaiious 
details of the apparatus and technic are omitted here, as they have been presented 
heretofore 

SYNOPSIS or MEIHOD 

The sensitometnc is a subjective method of refi action in which the dioptric 
power producing maximal vasibihty is determined with the Luckiesh-Moss sensi- 
tonieter^*^ The measuiements of visibility are deiived fiom brightness contrast 
rather than from acuity thresholds By means of a convergence target of sufficient 
size and indistinctness, as illustrated in figuie 2, the visual thiesholds aie detei mined 
with binoculai convergence in force but in the proved absence of any adequate 
optical stimulus for relative accommodation This new technic also differs from 
the usual subjective tests m that identical procedures are involved m both static 
and dynamic tests Thus the data obtained under conditions of near and of distant 
vision are directly comparable In a detailed laboratory study of 20 cases and a 
clinical study of 100 cases, the method indicated ( 1 ) that for the typical emmetropic 
subject, the eyes m the so-called “position of lest” are accommodated for a point 
anterior to the retina to the extent of about 0 75 D and (2) that for such a subject 
there is no evidence of a lag of accommodation within the range of habitual neai 
vision 

STATIC REFRACTION 

Conhol oj Relative Accommodation — This compensatoiy function is avoided 
in the sensitometnc procedures by elimination of all adequate optical stimuli foi 
accommodation from the entire binocular field The attainment of this essential 
control IS experimentally proved by symmetric relationship between visibility and 

t Lieutenant Commander Moss died Feb 14, 1943 

Fiom Lighting Research Laboratory, General Electric Company 

1 Luckiesh, M , and Moss, F K (o) New Method of Subjective Refraction Involving 
Identical Technics in Static and Dynamic Tests, Arch Ophth 23 941 (May) 1940, (b) The 
Avoidance of Dynamic Accommodation Through the Use of a Brightness-Contrast Threshold, 
Am J Ophth 20 469 (May) 1937, (c) The Plus-Power Bias in Static Refraction, Am J 
Optom 18 313 (July) 1941 , (d) Functions of Relative Accommodation, Am J Ophth 24 423 
(April) 1941 , (e) A New Method of Subjective Refraction at the Near-Point, Am J Optom 
18 249 (June) 1941, (/) Initial and Residual Effects of Ophthalmic Prisms on Visibility and 
Accommodation, Arch Ophth 29 968 (June) 1943 
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refraction about the dioptric axis of maximal visibility In other words, over and 
under additions of equal dioptric powers blur the vision to equal degiees 

In the fogging method of refraction, it is probable that relative accommodation 
is avoided in the initial phases of the examination However, the stimulus for 
relative accommodation increases in intensity as the plus power is reduced, and 
this function may be influential in the final stages of the fogging test Further- 
more, it IS not ceitain that both positive and negative lelative accommodations 
are completely avoided m these proceduies, particularly when an exact correction is 
sought 

Control of Conveigence — ^The sensitometiic method involves binocular para- 
foveal stimuli of sufficient intensity to msuie conveigence at a point in the plane 



Fig 1 — The Luckiesh-Moss sensitonieter in its latest form The position of the convergence 
target is shown for a test of near vision 

ot the test object The blurred luminous stimuli for convergence have been shown 
to be inadequate stimuli for relative accommodation In the usual methods of 
examination, monocular and foveal stimuli for accommodation as well as con- 
vergence are present It has been shown that the refractive differential between 
binocular and monocular control of convergence is of the order of 0 25 D m the 
cases which have b6en studied In general, the indicated lead of accommodation 
IS less under binocular than under monocular control (Briefly, “lead of accom- 
modation at the far point” may be described as the amount of negative power 
lequired to produce maximum visibility when negative relative accommodation is 

prevented ) 
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Cuteiia of Emmehopiu — The sensitomctiic collection of ametiopia is that 
which pioduces maximal visibility without the exercise of lelative accommodation 
Thus it IS absolute m this lespect so far as any physical constant can be so considered 
from a physiologic viewpoint On the other hand, the usual static collection is 
that which yields an aibitiaiy degree of visual acuity Thus it is empiric m this 
respect In addition, the usual methods of measuiing visual acuity aie limited 
in precision This pi esumably minor handicap is eliminated m the sensitometnc pi o- 
cedures by the avei aging of a sufficient numbei of quantitative measurements of 
visibility 

Dioptnc Biases in Usual Subjective Tests — The usual subjective procedures 
aie clinically biased m the diiection of plus powei owing to the practice of 
determining the maximal amount of plus power which is acceptable without an 
appi eciable loss m visual acuity If it wei e not foi this bias, the pi esci iption 



Fig 2 — The conveigence target and the biconcave test object, which are crucial compo- 
nents of this ne\V sensitometnc technic 

/ 

would be excessive in minus or deficient in plus powei, and the not infiequent 
disparity between the usual subjective and objective methods would be greatei 
than it IS Thus an apparent check between the usual subjective and objective 
tests appears to be due, in part, to empiric biases in the methods of testing In 
general, it is probable that the plus power bias has been more or less indirectly 
introduced in static tests in order to obtain satisfactory corrections for near 
as well as for distant vision If this assumption is coriect, it follows that so-called 
static findings aie not coriectly designated as “distant corrections ” 

Negative Relative Accommodation — The existence of a plus power bias in 
static tests favors the generally accepted theoiy that the normal adult e3'’e is 
incapable of negative relative accommodation at distance A prion this conclusion 
necessitates assuming that the adjustment of negative lelative accommodation, 
which IS available to the extent of several diopteis in near vision, is absent entirely 
in distant vision If this is a chai actenstic of the normal eye, it appeals to be an 
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unfavorable one fiom the mechanical viewpoint of efficiency in making accom- 
modative adjustments 

Ease of Seeing — The normal adult nonpresbyopic eye is found to be myopic 
to the average extent of about 0 75 D by the sensitometnc method with binocular 
fixation and in the absence of relative accommodation When the indicated myopia 
IS coirected with lenses, prolonged and critical distant vision is found to be easier, 
as IS revealed by a markedly lower rate of movluntary blinking If the eyes weie 
actually emmetropic, rather than myopic at distance, it follows that the addition 
— 0 75 D would constitute a stimulus for positive relative accommodation 
Hence such a dioptric addition should augment rather than lower the rate of 
blinking during performance of a task demanding critical vision at distance 

Teleologic Considei afions — Since seeing is demanded at various distances and 
usually with frequent alterations in fixation, it seems improbable that the visual 
mechanisms would develop so that the state of ocular repose would be coincident 
with the extreme condition of distant vision On the contrary, it seems more 
reasonable to assume that the “state of repose” would be coincident with some 
compromise position between the extremes of distant and near vision, paiticularly 
from the viewpoint of mechanical efficiency m shifting from long to short range 
and vice versa The lattei hypothesis is supported by the accommodation-con- 
vergence relationship determined for the noimal subject by the sensitometnc 
method 

Static Definition of Emnieti opia — Emmetropia is defined as “the normal state 
of the ocular refractive system in which infinity and the retina are conjugate 
with or without the exercise of relative negative accommodation ” It is to be 
noted that although the static sensitometnc examination indicates that the normal 
eye is myopic in the absence of stimuli for relative accommodation, it may become 
emmetropic when such stimuli are present In certain cases involving prolonged, 
ciitical, distant vision it has been found advantageous to substitute negative lens 
power for negative relative accommodation 

DYNAMIC REFRACTION 

Direct Dynamic Refi action — The lefraction m near vision is measured 
directly by the sensitometnc method At present this method is the only one which 
yields such information directly, as correction factors must be applied in other 
dynamic methods of refraction Obviously such correction factors are the least 
appropriate in ceitain anomalous cases in which precise correction factors are 
most needed 

Conti ol of Relative Accommodation — The avoidance of this function by the 
sensitometnc procedures appears to be as complete in near vision as it is m 
distant vision Actually, the methods are identical at these extreme fixation 
distances This is not a characteristic of other subjective methods 

Lag of Accommodation — Since a blurred retinal image is assumed to con- 
stitute a stimulus for accommodation, it seems unlikely that a normal eye, capable of 
several diopters of relative accommodation, would remain definitely out of focus 
in critical near vision If a deficiency in accommodation actually existed, its cor- 
rection by relative accommodation should result in greater subjective fatigue 
and discomfort than appears to be experienced m prolonged near vision 

Effects of Pi isms on Refi action and Visibility — Exploratory sensitometnc tests 
indicate that base-out prisms cause emmetropic eyes to become myopic, whereas 
base-in prisms produce a hypei opic condition ” These refractive changes appear to 
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be approximately equal in magnitude at the usual leading distance Obviously, 
equal and opposite lefi active changes vvmuld not lesult if the accommodation lagged 
with lespect to convergence It has also been demonstiated with emmetropic 
subjects that base-out and base-in pi isms of equal poweis lower the visibility of 
a given test object by appi oximately equal amounts Obviously, such a lesult 
would not be expected if the assumed lag of accommodation existed in leality 
Tests made at a distance of 6 meteis indicate that the so-called emmetiopic subject 
obtains the highest degree of visibility with the addition (light eye) of a 4 D base-in 
pi ism Since abduction results m a deciease in the lefi active power of the eye, 
the attainment of maximal visibility at distance with base-in power is consistent 
with the static sensitometi ic finding of myopia with distant fixation 

Ease of Seeing — The sensitometi ic examination leveals that emmetiopic 
subjects obtain maximal visibility over a wide lange of neai vision without the 
addition of dioptric powei It has also been shown that the addition of eithei plus 
01 minus pov^^er befoie the eyes of such subjects inci eases the effort involved in 
seeing, as indicated by a marked increase in the late of involuntaiy blinking during 
the performance of a ciitical near vision task If the accommodation lagged behind 
convergence in near vision, as has been postulated, the addition of plus powei 
should inciease the visibility of objects and make seeing easiei Neither of these 
results is obtained with additional plus power In fact, the addition of plus powei 
may slightly deciease visibility and maikedly increase the late of involuntaiy 
blinking 

Chmcal Tests of the SensUomehic Method — The collections indicated directly 
by dynamic sensitometry have been shown to be appropiiate in such diveisified 
cases as those in which there are (a) normal or expected clinical data, (Z?) high 
dynamic retinoscopic and crossed cyhndei findings, (c) low dynamic retinoscopic 
and crossed cylinder findings and {d) high degrees of exophoria oi esophoria 
Fuitheimore, the dynamic sensitometric corrections have been found to be satis- 
factory for both distant and near vision in those cases in which single ophthalmic 
corrections are possible 

Dynannc Defimhon of Emmetropia — The normal states of adult nonpresbyopic 
eyes in which all points within the range of habitual neai vision and the retinas 
aie conjugate without the exercise of relative accommodation (and with the static 
addition), while more distant points may become conjugate by the exercise of 
negative relative accommodation 


Xela Park 



TUBEROUS SCLEROSIS 


ELIZABETH F CONSTANTINE, MD 

NEW YORK 

Tubeious scleiosis, a disease entity fiist desciibed by Boiiineville in 1880 and 
often given his name, cannot really be considered by itself but must be looked on 
as a part of a gioup of diseases known as the phakomatoses This name, derived 
from the Gieek word (paKos in its meaning of “birthmaik,” was suggested foi the 
group because of the common characteristic of cutaneous lesions There are now 
recognized in this classification four separate entities tuberous sclerosis, oi 
Bourneville’s disease, neuiofibromatosis, or von Recklinghausen’s disease, angio- 
matosis, 01 von Hippel-Lindau disease, and, most lecently added, the Sturge-Weber 
syndrome All aie characterized, as previously stated, by cutaneous lesions, which 
are respectively typical, and by an amazing variety of other lesions scatteied 
throughout the body The lesions, however, are predominantly important in the 
eye and make the syndromes commandingly significant to the ophthalmologist 
But it IS not the purpose of this paper to discourse academically on this disease 
gioup but merely to report a rather typical case of tuberous sclerosis which has 
recently come undei my observation 

A 10 yeai old boy of Gieek and Italian e^tiaction was first seen m the clinic of the 
Manhattan Eye, Ear and Throat Hospital on March 11, 1942 , having been referred by the 
school nurse 

The father and mother, about 36 years of age, were in good health Both stated that their 
“eyes had always been good,” and subsequent ophthalmoscopic examination revealed no abnor- 
malities in the fundi of either The patient was an only child, there had been a previous 
miscarriage No history of any ocular trouble in the grandparents or other relatives could 
be elicited, but according to the parents a maternal uncle had died at 17 of “tumors of the 
heart” and the maternal grandmother had died at 61 of a “tumor on top of her heart which 
choked her” and which was spoken of as a “thyroma ” Another maternal uncle, now in the 
Army, wrote that “the Army doctors had found something wrong in the back of one of 
his eyes ” 

The patient had seemed entirelj^ normal at birth, but at 6 months he had attacks of 
generalized twitching and would stare straight ahead, these spells continued almost nightly 
It was also noticed that he was cross-eyed At 15 months he had a bad fall down the stairs At 
7 years he had an acute febrile illness which was diagnosed as encephalitis He reputedh 
had a temperature of 107 F, was in a coma for foui days and did not recognize persons foi 
some time afterwards The spells became less frequent after that, occurring only every ten 
to fifteen days, usually at night According to the father’s description of the attacks, there 
was rigidity as well as generalized twitchings and violent jerkings, more marked on the lei 
side, twisting of the eyes and grinding of the teeth and usually unconsciousness 

He started school at the age of 6 years but stopped for some time after the so-calle 
encephalitis, at the age of 7, and again for a year at the age of 9, on the advuce of his teacher, 
supposedly because of nervousness He had just returned to school in an open class, and his 
parents admitted that he did very poorly ni his work and was not cooperative 

External examination revealed fairly typical adenoma sebaceum of tlie face, with a butter v 
distribution across the bridge of the nose and cheeks (fig 1) The eyes showed a convergen , 
nonalternatmg strabismus with poor central fixation of the left eye, but the extraocular 
ments were well performed The scleras were white, the pupils were entirely norma an 
the tension seemed noimal on finger palpation 

Read before the Section of Ophthalmology, New York Academy of Medicine, Dec 
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Uiicoi rected vision in the right eye was 20/20 —2 and m the left eye 20/400 eccentrically 
The fields were difficult to take, but there was good light projection in both eyes A roughly 
charted field for the good eye showed marked generalized constiiction 

The slit lamp examination gave entirely negative results The ophthalmoscopic examina- 
tion, however, disclosed a striking picture The media were entirely clear and the fundi well 
seen Figures 2 and 3 show drawings of the fundi ^ Below the disk and adjacent to it there 
was a large flat whitish area, and above the disk there was a smaller, similar area in the 
center of which there were a few tiny cysts Temporal to this there was a fully developed, 
though small, cystic swelling This is of interest because it supports the view that the flat 
whitish tumors often seen in this condition are simply precursors of the more typical elevated 
cystic tumors The left eye showed a much more advanced pictuie Theie weie three 
tremendous cystic swellings, one on the disk, and one above and one below the macula In 
spite of the size of these lesions, no hemonhages or cystic buds floating free m the vitreous, 
as frequently reported, were seen 

Roentgenograms of the chest and sinuses were normal, the Wassermann reaction was 
negative and a roentgenogram of the skull was icported to show “three oi four areas of 



Fig 1 — The patient, showing adenoma sebaceum of the face 

calcification in the brain substance, probably in the choroid plexus ” General physical exami- 
nation revealed nothing further except some patches of vitiligo, a few pigmented lesions and 
several small fibromas scattered over the body 

The patient was seen by a neurosurgeon, Dr Thomas I Hoen, who had an electro- 
encephalogram made The record was reported abnormal and compatible with a diagnosis 
of tuberous sclerosis 

The patient was last seen on December 9 He had been taking phenobarbital for five 
months, and his father reported that there had been no convulsions except several which had 
accompanied an undiagnosed acute febrile illness one month previously He was, however, 
haling considerable difficulty in school, and the parents often found him “very hard to handle,’' 
as they expressed it There were a new small flat whitish lesion in the lower temporal 
quadrant of the right fundus and a possible slight increase in size of the old lesions, but 
otherwise no change in the ocular condition 


1 It should be explained that a mistake was made in the drawing reproduced in figure 2, 
so that It appears to be the left fundus, but it is really a mirror image of the right fundus 
and the lesions are all correct m their relation to the disk 
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This case is of inteiest because it pieseiits the classic tiiad of Bourneville 
mental deficiency, epilepsy and adenoma sebaceum, and, in addition, roentgenologic 
and electroencephalographic changes in the hi am, as well as the striking oculai 
lesions 

927 Park Avenue 

DISCUSSION 

Dr Thomas I Hoen Tuberous sclerosis has been known as a clinical entity 
since the middle of the last century, but cases aie raie and it has been difficult to 
follow the patients throughout the course of the disease, so that the complete 
pathologic picture is not so well known as the clinical picture It is Icnown, how- 
ever, that the abnormalities seen in the retina are a pait of a general neoplastic 
tendency on the part of the patient Many persons have thought the condition 
was limited to tissues of ectodermal origin, but this is not true, as rhabdomyoma 
of the heart and other forms of mesodermal tumor are frequently found However, 
the pictuie is characterized by striking changes m the fundi, the skin and the 
central nervous system The changes in the central nervous system are multiple 
enlargements, for example of glial tissue, often considered not to be true tumois, 
although I believe it is fairly generally recognized now that they are true tumors 
of glial origin The cells of the tumors in the fundus and in the brain are typical 
of the cells of tumors of the astroglia group as classified by Cushing and Bailey 
They have the typical fibrillary structure, many tube-feet attached to blood vessels 
aie seen and they frequently undergo cystic degeneration, which is also a char- 
acteristic of astrocytomas m general 

I saw the boy described by Dr Constantine, and we had an electroencephalogram 
made, which I shall not describe except to say that there were abnormal waves 
of average voltage and a slow rhythm, which are characteristic of neoplasms in 
general The fact that the slow waves could be picked up over various parts of 
the cortex strengthened the feeling that the boy had numerous tumors in the brain 
A pneumoventriculogram could have been made The characteristic picture, instead 
of the pretty butterfly picture, shows irregularities and distortion of the ventricular 
contour It is common to find tumors of the choroid plexus, they are waxhke 
nodules on the choroid called “candle drippings ” The calcification in the choroid 
shown by the roentgenogram might have been m a tumor because such tumois 
often undergo calcification 

The clinical and the pathologic picture are well known, but theie is no known 
method of treatment other than symptomatic handling This patient had seizures, 
and he was known to be mentally deficient He was given anticonvulsant drugs, 
which stopped the seizures, nothing could be done to improve his mental status 
or prevent loss of vision from the tumors in the fundi We hope we shall be able 
to follow this case to its ultimate conclusion, which is not far in the future Some 
authors have recommended decompressive operations m such cases, but I do not 
believe that they are satisfactory If signs of intracranial hypertension are present, 
the decompression will prolong life somewhat, but not very happily 

In conclusion, I would say that this condition, while rare, is more common in 
certain places than in others It was identified first in continental Europe and is 
more common there It is rare among Anglo-Saxons, occurs in Negroes and 
occurs rather frequently in the Japanese 

Dr Harry McGrath About three years ago I had the opportunity in a 
mental hospital of observing a case of tuberous sclerosis with the typical syndrome 
of adenoma sebaceum, convulsions and mental deficiency There was a smooth 
white mass on and above the disk in the left eye It was not of the mulberry 
type described by Dr Constantine There was no other lesion in either fundus 

In the course of four months there was no change in the shape and size of 
the tumor At the end of that time the woman suffered fracture of the skull in a 
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fall, and she died shortly afteiward The eye became available foi micioscopic 
study This case, with the pathologic study, was reported in a neurologic journal 
but has not been mentioned, to my knowledge, m the ophthalmologic literature, 
although I undei stand it was only the second case in the United States m which 
a microscopic study of such a tumor was made 

Grossly the tumor was cystic It had its origin in the nerve fiber layer and 
involved the rest of the letinal layers only by pressuie The cells were astrocytes 
with processes embiacing the vessels The pathologist who examined the sections 
was of the impression that it was a glial tumor of low growth possibilities and not 
a congenital malfoimation The sections are available for study 



REOPERATIONS FOR GLAUCOMA 
WILLIS S KNIGHTON, MD 

NEW YORK 

The leturii of hypertension after an appaiently faultless operation for glaucoma 
IS a bete noire of the ophthalmic suigeon It cannot be predicted oi foiestalled 
It must simply be accepted as one of the hazaids of glaucoma to be dealt with as 
well a'; possible 

The literature is replete with indications and contraindications for primary 
operations, but there is little geneial agreement as to the relative efficacy and value 
of the operations themselves This is undoubtedly due to a lack of understanding 
of the etiology and pathology of glaucoma Each operation is designed to relieve 
only the hypertension, by removing the obvious baiiiers to filtration or by providing 
a vicaiious pathway The undei lying disease is not cured by the removal of one 
of its symptoms 

In spite of innovations and modifications of operations for glaucoma, little 
factual or practical progress has been made within the past twenty-five years 
Statistical reports of the different operations reflect a wide variety of choice on the 
part of individual operators, with no universal lessening of the percentage of 
failures 

If one cannot feel satisfied with the present status of initial opeiations for 
glaucoma, one must feel still more inadequate when confronted with the necessity 
of a secondary operation 

After the first operation the eye is no longei the same Its anatomy has 
obviously been altered The physiology of secretion and drainage, which depends 
so much on the integrity of the nervous and vascular systems, has suffered a 
profound shock The patient himself cannot be ignored, for in its broader aspects 
the psychosomatic interrelationship plays its part m the production of glaucoma 
and certainly in the behavior of the glaucoma m the postoperative state 

If careful, prolonged study of the anatomic structure and reactions of the eye 
should precede a primary operation, it must be accepted as equally important, 
perhaps more so, when a secondary operation is contemplated After a secondary 
operation it becomes a matter of dealing specifically with the complications that 
have arisen or of trying to reduce the tension in some other way 

The most optimistic reports of antiglaucoma operations list 10 per cent failuies,. 
whether or not the after-treatment involves medication The period before the 
return of hypertension varies from a few weeks to many months Schoenberg’s 
case ir which the hypertension returned after eighteen years can hardly be listed as 
an instance of operative failure! 

Errors in judgment naturally increase the number of failures, but even when 
the opeiation is well chosen and technically sound, failures occur Then the cases 
are analyzed, and the student is presented with an overwhelming number of 
1 easons to account for the failures Most of the evidence comes from the pathologic 
laboratory Lately, with the more universal use of the gonioscope, the young 
ophthalmologist has learned to look for the reasons for failure in the living eye In 
this search, too, the hteratuie will help him, with its many references 

Read before the New York Academy of Medicine, Section of Ophthalmology, Nov 16, 1942. 
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But theie the mattei seems to stand The patient still has glaucoma Medi- 
cation, then operation and then postoperative treatment have failed What should 
be done^ The literature is strangely quiet on this question, and the operator has 
the awful feeling that he is now entirely on his own, God help him > 

The subject of reoperations seems important enough to warrant discussion 
Every ophthalmologist of experience has been faced with the problem and expects 
to have it recur again and again, but human nature is reluctant to publish its 
failures, and the lesults of experience in this matter have seldom been committed 
to the printed page In view of the paucity of material, the approach to the subject 
IS not easy What little can be said, theiefore, must be limited to a few personal 
experiences and conclusions and the results of conversations with others 

The tension is hardly expected to become normal immediately after operation 
As soon as the eye is opened and the pressure diops, there is edema of the ciliary 
body, and even though an attempt is made to “stabilize” the pressure by the injec- 
tion of air or saline solution and the use of water-tight sutures, a normal condition 
does not exist The eye must be allowed a decent interval to adjust itself to its 
altered anatomy and physiology A slight postoperative rise in tension should 
certainly cause no alarm, and no one would be importunate enough to rush into a 
secondary operation 

But when the need does arise, a pathologic tension must be combated by what- 
ever measures seem appropriate 

The following case serves to illustrate the unusual amount of operative inter- 
vention that sometimes seems justified Moral support was obtained through 
lepeated consultations with other ophthalmologists, who concurred in the pro- 
ceedings 

Mrs F D , a white woman aged 56, had a Lagrange sclerectomy with peripheral iridectomv 
for chronic noncongestive glaucoma The operation appeared satisfactory, but twenty-four hours 
later the anterior chamber was completely filled with blood A rise in tension was feared, but 
the Schiptz tonometer readings were not above 23 mm of mercury for ten days Then the eje 
became stony hard Irrigation of the anterior chamber through a large corneal keratome 
incision washed out most of the blood, and clot forceps removed the remaining clot 

The eye quieted down almost immediately, and the tension stayed around 19 mm of mercury 
for nine days Then development of a low grade iritis with posterior synechias necessitated 
intensive treatment with mydriatics, during which the tension went up to a new high It vas 
brought down by paracentesis repeated twice a day for a week The synechias were still 
present 

It was felt that no real progress was being made, and so the eye was opened again at the site 
of the original Lagrange operation The sclerectomy incision was still patent, and through it 
the iris adhesions were pulled free The peripheral iridectomy was made complete and the 
temporal pillar incarcerated in the sclera 

The eye finally quieted down, and later ophthalmoscopic examination disclosed the remains 
of a large hemorrhage into the vitreous In view of this final discovery, it is doubtful whether 
the eye had much of a chance after the blood filled up both the anterior and the posterior 
segment 

It IS not pleasant to report such a failure, but to do so will serve a purpose 
It was not known at the time what else to do, nor is it easier in retrospect to 
decide whether something else should have been done 

Undue hemorrhage is always a matter of concern When it occurs m the 
anterior chamber and produces an inordinate use m tension it can be dealt witi 
in the manner desciibed In lesser amounts it may respond to medication 

When there is a posterior nonexpulsive subchoroidal hemorrhage, the bloo 
accumulates rapidly and the eye becomes hard and painful The anterior chain er 
is usually shallow According to laboratory reports this type of hemorrhage occur 
most commonly after trephining or after the Lagrange type of sclerectoindectom) 



KNIGHTON— GLA UCOMA 


501 


probably because the piolonged softness of the eye permits a rupture of the diseased 
blood vessels due to removal of the supporting intraocular pressure Immediate 
posterior sclerotomy was effective in 2 cases at the New York Eye and Eai 
Infirmary in removing the blood and saving the eye The Graefe Imife was plunged 
in, tivisted and withdrawn Other operators report using a trephine operation 
or dissection to remove a piece of sclera, exposing the choioid Then multiple 
diathermy punctures released the fluid Incidentally, this same procedure 
(posterior sclerotomy) has been used as an adjunct to the mam operation, to 
1 educe the tension posteriorly before the anterioi segment was opened 

Except when there is early hemorrhage, the eye operated on deserves a rest 
Sedatives, medication applied locally and massage will usually control the tension 
during the immediate postoperative period Later, even when the tension is just 
above normal and persistently refuses to come down, an extensive reoperation need 
not always be considered In several cases at the Infirmary a corneal paracentesis 
or anterior sclerotomy with a keratome has apparently given just the necessary 
amount of easement to allow the eye to take care of itself 

If a primary operation is necessary, a reoperation is just as much needed when 
there is a mechanical failure of the first 

There are two main reasons for the failure of an external fistulizing operation 
blocking of the filtration wound on the inner aspect of the eye and fibrosis of the 
overlying tissue 

The filtration wound is blocked most commonly by ciliary processes and ins 
tissue, sometimes by lens capsule or other debris and sometimes by the products 
of inflammation The surprising thing is that so few eyes appear perfectly normal 
in the area operated on, as shown by gonioscopic studies 

The presence of uveal tissue in the wound is not necessarily an impediment to 
filtration (as a matter of fact, many ophthalmologists believe that it is a requisite 
to good drainage), but when it blocks the wound it vitiates the operation Often 
when a knuckle of ins fills the opening, drainage can be reestablished by excision 
of a small piece 

For the past two years, in every case of operative failure m the Knighton clinic 
at the New York Eye and Ear Infirmary I have examined the patient personally 
in an attempt to discover the reason for the failure and in the hope that some 
remedy simpler than another extensive operation could be devised In perhaps a 
dozen cases, about equally divided between trephinmgs and sclerectomies, the 
original conjunctival flap was redissected down to the filtration opening, and if any 
plug was found in the hole it was removed The results were almost 100 per cent 
successful as far as the scleral drainage was concerned The subconjunctival 
drainage was another matter It has long been known that the prognosis is poorer 
after secondary operations, especially when dissection is made through healed tissue 
Even in primary operations, special emphasis has been placed on the necessity 
for dissecting the conjunctival flap close to the sclera under Tenon’s capsule This 
is supposed to allow better absorption of the aqueous, in the looser subconjunctival 
tissue that lies over the capsule In spite of the most meticulous care in such dis- 
section, many fistulizing operations fail because of fibrosis of the conjunctival flap 
It was surprising to note in a number of eyes in which the incision was reopened, 
that the trephined hole or the sclerectomy opening \\as still patent In each case 
however, scar tissue was encountered at the exit of the filtration opening 

The reoperation of course only made matters worse by causing more scar 
formation 
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The injection of an oi saline solution at the piimaiy operation may or may 
not prevent too film an adhesion of the conjunctiva 

Injection of air is reported in 1 instance to have reopened the subconjunctival 
spaces enough to obviate the necessity for further operation My experience in 1 
case was not successful 

When the conjunctival wound is opened with a spatula, the tension stays down 
from two to five days before the wound is sealed off again This procedure has 
been performed in several cases as an office procedure to carry the patient over 
until a secondaiy opeiation could be performed, but there can be no hope of 
permanent success fiom repeated traumatism of this sort 

In 1 case a horsehair seton was tried in the aiea operated on but with no better 
results Its use seemed to delay the cicatrization of the conjunctiva a little longer, 
but that was all that was accomplished 

The patient was a white man 60 years old with chronic congestive glaucoma A Lagrange 
sclerectomy and complete iridectomy failed to relieve the hypertension, although redissection 
of the conjunctiva disclosed a scleral opening that was draining nicely There was diffuse 
scarring of the conjunctival flap A horsehair seton was inserted under the conjunctiva at 
the sides of the scleral opening and run laterally on each side, as close to the sclera as possible 
and under conjunctiva that had not been dissected previously The free ends were buried It 
was hoped that the seton would keep a path open to the fresh conjunctiva, but the experiment 
failed miserably In eyes not previously operated on, the seton has given better results — even 
m 2 cases of absolute glaucoma 

The question of repeating the opeiation is always present Should the same 
operation be tried again, or should one choose another type on the assumption that 
the first one failed because it was the wrong choice^ 

The answer is not easy When an apparent choice was offered, the operator 
undoubtedly selected the original operation because it was the one in which he 
had the greatest skill and the most confidence If he was asked to perform a less 
familiar secondary operation on the simple grounds that the first choice had failed, 
he would be justified in asking why On the basis of the operator’s ability alone, 
the eye would probably be safer under a repetition of the procedure m which he 
was most expert And if there were technical eirors or complications that could 
be avoided, a second performance would seem justified But if the original 
operation was performed to the best of the operator’s ability and there were no 
complications, a failuie would mean that the operation was not good enough It 
IS difficult to Icnow in such cases whether the fault lies with the operator, with the 
type of operation or with the reaction of the eye in question But the evidence of 
failure seems to indicate some kind of error and the necessity for a change A good 
operator has more than one string to his bow and is ready to try another when the 
first gives poor results 

Of the external fistulizing operations, trephining is the first choice, followed by 
sclerectomy and iridencleisis The same order of preference seems to obtain m 
the matter of secondary operations, although some operators prefer a sclerectomy 
■ft hen there is an exacerbation of the glaucoma itself, m contradistinction to inade- 
quate drainage from the incision made in first operation 

When there are signs of irritation with the return of hypertension, cyclodialysis 
should not be considered as a secondary operation, but a complete iridectomy shou 
be included m the operation selected Cyclodialysis is often satisfactory as a 
secondary procedure, especially m aphakic eyes, but it should not be attemp e 
unless the angle is partially open 
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Theie has been a recent swing in favor of iiis inclusion opeiations eitliei alone 
or in combination with scleiectomy, even as leopeiations My expeiience, however, 
has indicated that the best lesults aie obtained when the ins tissue is healthy and 
not inflamed In glaucoma of long standing the results have been poor 

The choice of a site foi a secondary operation deseives caieful study Tians- 
illumination of the eye often pi events later embarrassment by disclosing the ati opine 
paits of the iiis to be avoided, and the scleral scatter outlines the ciliary body 
Gonioscopic examination is of couise indispensable 

The presence of trabecular oi scleial iiis adhesions often moves the angle so 
far foiwaid that tiephmmg into the anteiior chambei is impossible Tiephmmg 
through the iiis into the posterioi chamber may succeed, but there is always the 
chance of incarcerating ciliaiy piocesses If the operation is not spoiled 
mechanically, it may fail later as a result of a low grade uveitis from irritation of 
the ciliary body A Lagrange type of iridosclei ectomy in the same circumstances 
would be impossible 

I have obtained some success by making a horizontal scleral incision with a 
scalpel just behind the limbus and entering the eye as in iiidectomy ah extetno 
The ins is freed from the anteiior scleial hp enough to peimit a sclerectomy with 
scissors Then a small piece of ins is excised A conjunctival flap has previously 
been laid down in the usual manner In 2 recent instances a small amount of fluid 
vitreous escaped, but except for a continued low tension, about 12 mm of mercury, 
there have been no untoward lesults 

Postoperative hypotony may reach seiious proportions and has been repoited 
corrected by the bringing down of a conjunctival flap over an aiea of denuded 
cornea The subsequent fibrosis is usually sufficient to elevate the tension Good 
results following the application of a thermophore to the filtering bleb have been 
reported 

A shallow anterior chamber is difficult to handle, and it is not always made 
deeper by posterior sclerotomy, as some advocates claim My attempts to open 
the angle by injection of the anterior chamber with an or saline solution have met 
with indifferent success Preference is still held for the ah externa appioach In 
several private cases a swollen lens was removed with good effect on the tension 
and a deepening of the anterior chamber In one of these the extraction was 
carried out through an old glaucoma filtration wound, destroying its effect, but the 
tension remained normal The same procedure in a clinic case caused a post- 
operative return of the hypertension, which had to be controlled by another 
operation The lens should be removed in capsule whenever possible to avoid later 
blocking by lens or capsular debris 

In spite of all precautions and attempts to prevent absolute glaucoma, in 
many eyes this condition develops For it, of course, the peifect reoperation is 
enucleation, but when the patient protests, the surgeon must temporize Simple 
posterior sclerotomy will often relieve the pain, although it seldom effects a 
permanent reduction in tension Diathermy puncture through a posterior scleral 
trephine opening has been reported to give the same result Opticociliary neu- 
rectomy has been effective in relieving the pain, and injection of alcohol into the 
ganglion has produced the same result Perhaps other measures can be justified 
on the basis of expediency 

These are a few of the secondary attempts that have been made to rectify an 
initial operative failure Many other methods have been tried with varying success 
but have not been mentioned because of lack of familiaiity with them 
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SUMMARY 

Reopeiations aie necessary in the tieatinent of glaucoma because pnmaiy 
operations aie not always successful 

Except when obvious faults of the pnmaiy operation can be coriected, a 
1 eoperation has less chance of succeeding because of physiologic changes, mechanica! 
difficulties, fibiosis oi othei unknown factors 

Any opeiation is a decided shock to the eye and its functioning, the post- 
operatne state may dilfei widely fiom the preoperative state and requires careful 
restudy before further intervention is considered 

The subject of reoperations deseiwes more discussion than it has received 

121 East Sixty-First Street 



FIXATIONAL CORNEAL LIGHT REFLEXES AS AN AID 
IN BINOCULAR INVESTIGATION 

MAJOR EMANUEL KRIMSKY 

MrniCAL CORPS, ARMY OP THP UNITED STATES 

The estimation of binoculai imbalance based on objective examination of the 
eyes has been found unsatisfactoiy because inspection of the eyes m a routine 
examination of the muscles is often difficult The lole of the corneal light reflex 
as an aid m clinical practice has not been sufficiently explored, and my aim in 
this paper will therefoie be to show how this leflex can be utilized clinically to 
complement the familiar cover test 

First, as to the meaning of the fixational coineal light leflex For practical 
purposes it may be legarded as the constant position of the light leflex on the 
cornea when the eye is made to fix a light and when the observer’s eye is behind 
the testing light It may not be on the center of the cornea (angle gamma), even 
though the macula assumes fixation, but it represents the noimal anatomic position 
of the light reflex foi that fixing eye and is to be distinguished fiom the moie 
peripheral, or deviational, coineal reflex seen in a squinting eye when the fellow 
eye is fixing 

With an ordinary flashlight one notes whether fixation is as satisfactory bin- 
ocularly as monocularly The examiner keeps his eye directly behind the test 
light and makes a mental note of the position of the light reflex on both corneas 
He then covers each eye alternately and compares the binocular leflexes with 
leflexes obtained by monocular fixation If the corneal light reflexes assume the 
same positions binocularly as they do on monocular fixation, deviation is absent 
for that testing distance Displacement of the light reflex from the fixation position 
m one eye when both eyes are tested indicates deviation in that eye If the 
reflexes appear centered on binocular stimulation but displacement occuis in one 
eye on attempted monocular fixation by the alternate cover test, false macula 
IS suggested 

If one regards a fixational corneal light reflex as defined as indicating normal 
macular projection, displacement of the light reflex from the fixing position would 
indicate registration of the image on an extrafoveal portion of the letina If a 
light IS directed on the cornea from the nasal side so as to produce a corneal 
reflex medially, registration of the image on the retina will be temporal One may 
simplify matters by stating that the position of the corneal light reflex m relation 
to the fixing position indicates the direction in which the image is being projected 
(fig 1) If the reflex is nasal to the fixing position, projection of the image is 
also nasal 

In terms of binocular imbalance, the corneal light reflex in divergent squint 
would be nasal m the deviating eye, or in a direction opposite to the deviation, 
and diplopia, if present, would be nasal, oi ciossed, to correspond to the nasal 
displacement of the reflex When the reflex is displaced upward and nasally 
while the othei eye fixes (fixational reflex), there is a downward as well as an 

Read before the Academy of Ophthalmology and Otolaryngology, Chicago, Oct 12, 1942 

SOS 
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oiitwaid displacement of the e)^eball (hypoexotiopia), an inferotemporal registia- 
tion and, again, an image projection (upward and nasahvard) conesponding to the 
displaced position of the coineal light reflex in i elation to the fixing position 

To appreciate more fully the meaning of a corneal light leflex one should bear 
m mind the following principles 


m 



REFLEXES ® AND (5) ARE PERIPHERAL AND 
DIRECTION IN RELATION TO FIXATIONAL REFLEX 
INDICATE PROJECTION OF IMAGE 

Fig 1 — Position of the corneal light reflex indicates image pro;ection 



Fig 2 — Relative size and position of image with convex mirror 


A The apical portion of the cornea is a convex spherical mirror and there- 
fore the first, or anterior corneal, reflex has all the characteristics of an image 
produced by such a mirror (fig 2) 

B The corneal light reflex is diminished in size, erect and virtual 
C Any ray incident through the centei of curvature will return along the same 
path An incident ray parallel to the principal axis will be reflected as comij 
fiom the focal point, which is located one half of the radius behind the s 
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D Owing to the relatively small radius of the cornea (about 8 inm ) , the 
image plane for any test light distance will practically coincide with the focal plane 
4 mm behind the suiface Even if the test light is 333 mm from the coinea, the 
difference in location is only 0 05 mm 

E The anterior, or bright, Purkmje corneal reflex, therefore, strictly speaking 
IS not a superficial leflex, but is reti ocorneal, or 3 to 4 mm behind the surface 

F As a light IS moved parallel to the facial plane of the patient the corneal 
light reflex moves in the same direction, although to a much reduced extent 

G The position of the corneal light reflex depends on the position of the 
test light lelative to the principal axis and the eye of the observer The distance 
from the test light to the cornea is of no practical influence, for the reasons 
mentioned 

It IS important for purposes of accuracy to adopt a uniform means of study- 
ing corneal light reflexes The position of the examiner’s eye behind the light 
source is found to be most reliable and uniform 





If one assumes that fixational corneal light reflexes indicate an absence of 
deviation, one can reason that any artificial means of centering a peripheral corneal 
light reflex, as in squint, might likewise serve as a basis for measuring ocular 
deviation In the case of the synoptophore, the carriers are rotated until they 
are in direct line with the corresponding fixation positions on the corneas, and 
readings are made This is a fai more satisfactory method than the crude Hirsch- 
beig test, based on translating roughly the position of the corneal light reflex in a 
squinting eye in terms of millimeter displacement from the fixing position 

The method involving the peripheral corneal light reflex (Hirschberg, fig 3) 
IS unsatisfactory for the measurement of squint because 

1 It is based on a rigid value (8 mm ) for the corneal curvature, which must 
vary in different persons 

2 It is difficult to control the patient sufficiently to measure the position of 
the light reflex accurately Moreover, the position of the reflex changes with 
movement of the examiner’s eye 

3 The amount of millimeter displacement can be estimated only roughly and 
IS never found to be uniform when measuied by different examiners Moreover, 
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a displacement of only 1 mm means 7 degiees, and one is in no position to make 
fractional readings 

4 The method does not take into account the center of lotation of the eyeball 
in addition to the center of cmvatuie of the coinea 

5 The corneal cuive is not a geometric curve, because flattening toward the 
limbus takes place 

6 A corneal light leflex seen peiipheially is distoited, whereas one seen at 
the centei of the cornea is sharp 

Artificial restoiation of fixational coineal light leflexes for measurement of 
ocular deviation may be obtained as follows 

1 By oidinaiy flashlight In conrergent squint, the light leflex on the non- 
fixing eye will be displaced temporally from the corneal fixation point As the 
test light IS giadually moved along a rule closei to the eyes, the light reflexes 
leach the corneal fixation points, and on the basis of the patient’s mterpupillary 
distance and the distance of the light from the eyes (near point of convergence), 
one can calculate leadily the amount of squint In actual practice, however, this 
method of testing convergent squint is found wanting One must be careful to 
stop just at the position at which the lights appear centered, or an added convei- 
gence impulse may upset one’s reading, measurement of the interpupillary dis- 
tance m a patient with convergent squint may prove difficult, and, finally, the 
leading obtained can be interpreted as the deviation for that distance only and 
not for 20 feet (610 cm ) or 13 inch (33 cm ) test distances 

2 By means of a partition, or septum, and individual test lights at a set distance 
between the eyes A light on one side of the septum is set in front of the fixing 
eye, while the light on the other side, foi the nonfixing eye, is moved laterally or 
vertically or both until it, too, produces a light reflex on the corneal fixation point 
When this position is reached, alternate fixation to light stimulation should pro- 
duce no movement of the eyes unless amblyopia is present in the nonfixing eye 


The examiner’s eye should be behind the test light 

A septum placed between the eyes selves the purpose of a cover but with the 
difference that the two eyes can be observed at the same time In oithophona 
the two eyes project to a common point on the cover test When the cover is 


moved into a septal, or between the eyes, position, fixation by one eye on a 
corresponding light placed close to the septal wall will make the fellow eye con- 
verge in the direction of the unseen light m the case of orthophoiia In exophoria 
or exotropia the nonfixing eye turns out, and the test light is displaced laterallj 
to leach the corresponding corneal fixation point In esophoiia or esotropia the 
light reflex on the deviating eye is displaced laterally to the fixation point, and 
supplementary base-out prism is required to centei the light reflex m the deviating 


eye 

Use of the septum arrangement is of distinct advantage not only as a quanti- 
tative cover test but as a compi ehensive means of comparing objective and sub- 
jective responses, notably in cases of abnormal retinal correspondence When the 
images appear to touch or to correspond at the angle of deviation, it speaks foi 
so-called normal retinal correspondence because the subjective, or image, ange 
corresponds with the objective, or deviation, angle 

3 By means of the synoptophore or the stereoscope The synoptophore an 
the steriscope are essentially devices which utilize the principle of the septu^> 
nr mdeoendent stimulation to each eye They also incorporate plus lenses to re 
accommodation and convergence, thus bringing paiallehsm of the visual axe. 
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Avithin a comprehensive range Whereas without the septum the eyes noimally 
tend to converge on opposite sides of the septum, the incorporation of plus viewing 
lenses tends to shift the visual axes outward 

The basis for centeiing of the coineal light reflexes with the synoptophore 
appears simple By lotation of each carnei around a pivotal point the mirrors aie so 
rotated as to bring the corneal light reflexes to their lespective fixing positions 
at the angle of deviation 

With the Brewster steieoscope^ a critical coineal light reflex can likewise be 
obtained by use of bright tiansparent targets that do not covei too large retinal 
fields As these targets are placed in the calculated primary positions for different 
accommodations one may readily note whether centering of the coineal light reflexes 
IS maintained The angle through which such targets are displaced medially oi 
laterally relative to the primaiy positions in ordei to strike the centeis, oi fixation 

ANGLOMETER VS STEREOSCOPE 




Fig 4 — Comparison of anglometer and stereoscope, showing positions of targets in relation 
to ocular deviation, fixational corneal light reflexes and image responses 

points, of both corneas serves as a measure of the amount of ocular deviation foi 
that testing distance 

The anglometer,^ also incoiporating a septum, provides for studies of the 
corneal light reflexes at but one accommodative range (3 D ), or at a fixed dis- 
tance of 13 inches (33 cm ) , its flexibility lies in its permitting one to study the 
positions and visual responses of the eyes in the different motor fields My 
stereoscope permits one to study the corneal light reflexes in a single motor field 
or with the eyes-front gaze, but its flexibility lies m its enabling one to study 
the corneal light leflexes at different viewing distances or accommodative ranges 

1 Krimsky, E The Stereoscope m Theory and Practice, Bnt J Ophth 21 161-197 
(April) 1937, Some Newer Developments m Precision Type Stereoscopes, Arch Ophth 19 
394-402 (March) 1938, Modifications of the Brewster Stereoscope for Clinical Requirements 
ibid 26 808-815 (Nov ) 1941 

2 Krimsky, E The Cardinal Anglometer, Arch Ophth 26 670-674 (Oct ) 1941 
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4 With the aid of a pusm — the pi ism leflex test In the loutine study of 
oculai deviation a pi ism is used to nullify ocular motion on alternate covering 
The role of the variations in the position of the corneal light reflex as a result of 
use of the pi ism has been largely ovei looked, possibly for the reason that test 
targets set at a distance of 20 feet are too faint to yield visible corneal light 
reflexes In studying the effects of a prism with a test light at a 13 inch reading 
distance I found that, whereas a ray of light traversing such a prism was refracted 
towaid the base, reflection of the light on the cornea was toward the apex I 
found, moreovei, that a prism sufficient to stop motion of the eyes on alternate 
covering also had the fortunate piopeity of centering the corneal light reflexes 
This interesting phenomenon, to my knowledge, has not been reported previously 
in the medical liteiature So here there is additional proof that whatever method 
one empIo 3 '^s the primar)’- aim in measuring latent or manifest squint is, first, to 

I WITHOUT PRISM 



REFLEX CENTERED WITHOUT PRISM 


2 WITH PRISM 



LIGHT REFLEX DISPLACED TOWARDS 
APEX OR IN DIRECTION OF ARROW 
ALTHOUGH LIGHT SOURCE REMAINS 
FIXED 

Fig- 5 — Effect of prism on glass eye 


produce artificial lestoration of the corneal light reflex from a peripheral to a 
fixing position, and with prisms to ascertain the strength required to center these 
reflexes artificially 

One can observe easily the change in position of the corneal light reflex witn 
gradual increase in prism by experimenting with a glass eye and a rotary prism 
The light IS directed to the center of the pupil, and both the observer’s eye and me 
test light are kept in line in a steady position As the prism is rotated in either 
direction, it will be noted that the light reflex moves in the direction of the apex 
of the prism and that a slight increase m strength of the prism will 
appreciable displacement of the light reflex The eye itself will also be see 
to move toward the apex of the prism, but such gross change m the appar 
position of the eyeball is distinct from that of the corneal light reflex 
IS on a different image plane One can simulate deviation by turning the g 
eve in or out m relation to the test light, which remains in the same 
\\nien the eye is turned out, the light reflex is seen to move m from the hxa 
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or the central position To bring the light reflex back to the fixation position, 
one merely sets the prism with the apex in the direction of the center of the pupil 
Compaiison of the setting of the prism to the direction which an arrow must take 
to reach the center of the pupil simplifies the mattei 

The prism leflex test simplifies the measuiement of ocular deviation The 
novice confronted with a patient with squint may be at a loss as to how to place his 
prism in order to neutralize the deviation If he thinks m terms of fixational 
corneal light reflexes, he merely turns the prism first one way and then the other 
and notes the direction and amount of prism (using a rotary prism) required to 
bring the light reflex in the deviated eye to a central position In esotropia the eye 
IS turned in and the light reflex is displaced temporally, and a base-out prism 
centers the corneal light reflexes accordingly If the eye turns upward as well as 
inward, the light reflex in the deviated eye is displaced downward as well as 
outward and both a vertical (base-down) and a base-out prism bring the light 
to the center of the cornea in that eye 

Ceitain piecautions should be observed 

A This test IS most satisfactory for a 13 inch test range Foi greatei dis- 
tance, a stronger light source must be employed to yield a bright coineal light 
leflex 

B A rotary prism is the most satisfactory insti ument for the test A phoi ometer 
IS generally unsatisfactory, because the framewoik covers the eyes m such a way 
as to make careful inspection of the reflexes difficult 

C As a rule the pi ism is placed over the fixing eye, and changes m the posi- 
tion of the corneal light reflex are observed m the deviating eye 

If in a case of manifest squint, the corneal reflex is displaced only laterally 
(horizontal squint), this simplifies prism testing, in that a rotary prism alone is 
sufficient to produce centering of the corneal light reflexes If the displacement 
IS oblique, in other words the squint is vertical as well as horizontal, one first 
corrects the vertical component by using a vertical prism, always remembering that 
the light reflex will shift in the direction of the apex of the prism Specifically, 
if the reflex in the deviated eye is higher (hypotropia), one first levels the reflexes 
by placing a prism with the apex down As a rule the vertical component requires 
much less prism than the horizontal component, and when this correction is dis- 
posed of, one IS m a position to neutralize the horizontal component with a rotary 
prism placed in front of the vertical pi ism The rotary prism is rotated so that 
the light reflex moves in the direction of the apex of the prism If the reflex in 
the deviated eye is displaced medially (exotropia), one rotates the prism base in, 
or apex outward After having obtained what appears to be centering of the light 
reflexes in both corneas, one supplements the procedure with the familiar cover 
test and ascertains whethei ocular motion has been stopped and whether the light 
reflexes remain steady on alternate covering It often happens that the results of 
this rapid preliminary prism reflex test conform closely with those of the cover 
test In other instances, just a little more turning of the prism in either direction 
IS sufficient to stop the movement At any rate, one sees the eyes and their 
reflexes much more clearly than one does by relying on ocular movement alone 
The pi ism reflex test does not replace the familiar cover test but simplifies it 
by permitting lapid inspection of the restoration of the corneal light reflexes to 
their fixation positions The cover test alone is not infallible, for if one has 
to rely entirely on the gross appearance of the eyes one may be at a loss to tell 
exactly when movement has stopped It lequires a critical eye to judge cessation 
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of fine oculai movements, and the pi ism reflex test proves helpful as a rapid 
confirmatory test Also, the cover test is deceptive m certain types of manifest 
squint associated with false macula, in which theie is no movement of the eyes 
on alternate coveiing In this case the prism reflex test offeis a satisfactory 
estimate of the amount of squint 

As a lule, the examinei selects one eye for placement of the prism I usually 
place the prism before the right eye However, m the case of severe squint, 
especially with amblyopia, one sets the prism before the normal, or fixing, eye 
and then by rotating it in the direction of neutralization observes the corneal 

A WITHOUT PRISM 



AMD SOMEWHAT UPWARDS 
BECAUSE EYE DOWN AND OUT 


B WITH PRISM 



FIXING EYE LIGHT REFLEX' BECOMES 

CENTERED WITH PRISM 
WHILE EYEBALL REMAINS FIXED _ 

Fig 6 — Hj poevotropia, showing restoration of fixational corneal light reflexes by prisms 


reflex becoming gradually centered in the otherwise deviating eye because the 
fixing eye moves in the direction of the apex of the prism For this test I prefer 
the simple rotary prism to the bulky phorometer, because it covers one eye rather 
than both, it is free from obstructing framework, it can be used on either eye an 
it can be used foi the study of vergence as well as deviational response If 


also preferable to individual square prisms 

For excessive deviation no prism is reliable, and the angle method as embodied 
m the cardinal anglometer is the method of choice The anglometer enables one to 
studyf deviations in all selected positions of gaze and has certain controlled features 
which render the readings reliable Moreover, it is based on physiologic an 
optical principles v Inch make it as sound as is feasible for clinical requiremen s 
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CLINICAL APPLICATIONS OF THE CORNEAL LIGHT REFLEX TEST 

1 Psendosqnmt, Angle Gamma, Epicanthns — In studying the coineal light 
reflexes, one first detei mines then position on each eye with monoculai fixa- 
tion Whethei the reflex is found centered oi somewhat off center (angle gamma), 
foi practical pui poses one calls its location the corneal fixation pomt because 
it coiiesponds to macular fixation In fact, one may disregard the measurement 
of angle gamma and think of oculai deviation as the displacement of the coineal 
light leflex from the fixed coineal position assumed on monocular fixation With 
both eyes open, bmoculai fixation would theiefore imply the simultaneous legis- 
tration of the corneal light leflexes on the monoculai ly fixating coineal points. 

By thinking of epicanthus m teims of the coineal light reflexes, one notes 
the absence of true squint when the reflexes aie found centeied both monocularly 
and bmoculai ly 

2 False Macula and Amblyopia — False macula, as distinguished from abnoi- 
mal letinal coriespondence, is a foim of amblyopia m which monocular foveal 
fixation IS faulty The coineal light leflex is thus seen to waver as the eye 
searches over a paramacular aiea to legistei imperfectly what the fovea is unable 
to accomplish Fixation is unsteady, and the position of the corneal light reflex 
IS not uniform As a rule, it is displaced temporally in convergent squint and 
nasally in divergent squint It ma}'- be confused with angle gamma when the light 
reflex is not centeied, but the natuie of such fixation should serve to distinguish 
these two conditions In some cases the corneal light leflexes appeal centeied 
when both eyes aie open, but alternate covering will show the nature of monocu- 
lar fixation and reveal the existence of false macula In other instances the 
light reflex may appear centered on attempted monocular fixation, whereas foveal 
fixation would yield a gamma coineal reflex 

In false macula with visible deviation in the amblyopic eye, one often finds 
that the eyes fail to respond to alternate covering and the pooi eye remains devi- 
ated both with and without covei In such cases testing the corneal light reflex 
(with prism) proves satisfactory for measuring the deviation In conveigent squint 
a base-out pi ism placed over the good eye will make that eye turn in in older 
to fix the light, and the poor eye will therefoie turn out until the light reflex 
IS centered on that cornea as well 

While one cannot judge visual acuity objectively by obseiving the corneal light 
reflex, one can with a little experience suspect amblyopia on the basis of the 
relative unsteadiness of the coineal light reflex in the amblyopic eye This test 
IS not infallible, but is occasionally helpful, especially when one is dealing with 
cases of malingering 

3 Abnormal Rehnal Con espondence — Abnormal letinal coi respondence should 
not be confused with so-called false macula In the former condition monocular 
fixation in either eye is not disturbed However, a pei verted relationship exists 
between the macula of one eye and the paramacula of the other whereby diplopia 
IS avoided This relationship is intei changeable and exists with either ej^e assum- 
ing the role of fixation 

Abnormal retinal correspondence is a frequent accompaniment of manifest 
squint It differs from normal retinal correspondence in that bimacular fixa- 
tion, 01 fusion, or supei position of images, does not occur when bimacular stimu- 
lation IS made possible through aitificial means, such as a prism, stereoscope or 
anglometer One can detect abnormal letinal correspondence with any device 
uhich piovides independent and simultaneous light stimulation to the two eyes 
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sufficiently strong to produce satisfactory corneal light reflexes Measurement is 
based on movement of the lighted targets along a calibrated arc (as in the 
anglometer) or graduated bar (as in the stereosope) until they are in line with 
the respective fixing positions of the corneas After the examiner notes the 
objective angle on the basis of such artificial centering of the corneal light reflexes 
and subsequent cessation of ocular movement on alternate flashing, the patient 
notes whether the images appear to touch Approximation of these independent 
images at this deviation or objective angle speaks for normal retinal correspondence 
Appreciable displacement of the images suggests an abnormal response, or so-called 
abnormal retinal correspondence, and the lighted targets are moved until their 
images approximate or cross at this new, or subjective, angle, and readings are 
again made Thus in exotropia the images would appear to coincide not at tlie 
angle of the squint but at some angle nearer the “O,” oi primary position, hke- 



Fig 7 — Ocular versus sternocleidomastoid torticollis 


wise, in esotropia the images appear to coincide at a less convergent angle than the 
deviation angle (fig 7) 

4 Ocular Tothcolhs — Tilting of the head normally does not result in binocu- 
lar imbalance or diplopia In spite of such positional changes of the head, the 
corneal light reflexes remain centered This objective manifestation of normal 
binocular responses proves helpful in indicating whether a head tilt is ocular or 
orthopedic in origin 

In a case of habitual head tilt, for the corneal light reflexes to remain cen- 
tered when the head is straightened suggests that the condition is not ocular in 
origin In ocular torticollis, the reflexes are centered only m the position in which 
the eves can see binocularly In other positions of the head, the light reflex 
is displaced in the nonfixing eye, and its position in relation to the position 
of the corneal reflex m the fixing eye suggests the nature of the diplopia and o 
the deviation 

5 Catdinal Positions of the Eyes — Owing to the asymmetric confoimation of 
the upper lids one is never certain from a cursory inspection of the eyes m the 
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oblique positions of gaze whether or not paralysis of a levator or a depressor mus- 
cle exists Alternate covering of the eyes tnay not prove feasible, especially with 
an uncooperative patient However, in observation of the corneal light reflex 
one is often surprised to learn at a glance that what appears to be a lag or paralysis 
of the superior rectus muscle is a false alarm due to the uneven conformation of 
the lids This pseudosquint is analogous to the epicanthus simulating convergent 
squint 

In a routine examination with an ordinary flashlight, the movement of the 
examiner’s eye when he is testing the eyes m the oblique positions proves clumsy, 
because his eye must keep moving behind the flashlight to obtain uniformity in 
response However, in the Bielschowsky method, the head is tilted m different 
positions to produce the effects of oblique gaze, and the examiner can maintain 
his own head in a uniform position by operating the test light from a set position 

The cardinal anglonieter lends itself quite satisfactorily to controlled measure- 
ment and inspection of the light reflexes for definite positions of gaze Some patients 
may not be in a position to move their eyes obliquely upward or downward for 
more than a few degrees It makes a difference if one’s readings are based on 
an upward gaze of 30 or one of 10 degrees With the anglometer one is m a 
position to note accurately the variations m imbalance with different selected posi- 
tions of gaze, as well as the limits of oblique gaze The head is kept fixed in a 
head rest, so as to prevent instinctive turning with movements of the eyes 
Measurements can be made m but a fraction of the time required to make 
crude readings with prisms, and the test distance is fixed at 13 inches (33 cm ) 
m all directions of gaze With prisms one is never certain of one’s operating 
distance, instinctive head tilt cannot be properly controlled, and multiple prisms 
are not simple to manipulate Also, with marked deviation the reliability of 
prism readings drops sharply, whereas angle readings conform to the angular 
deviations of the eyes along an arc 

6 Fixing Eye — ^When a test light is brought gradually closer to the eyes 
so as to elicit convergence, a point is reached at which convergence is “broken” 
and one eye turns out and its reflex becomes displaced nasally This is the 
nonfixmg eye When the corneal light reflex assumes a diffeient position on 
alternate monocular fixation (with the cover test) than on binocular stimulation, 
one may assume that the eye which maintains the same position of the corneal 
light reflex with both binocular and monocular stimulation is the fixing eye 

7 Nem Point of Convet gence — ^When a light is taken gradually nearer to 
the eyes an impulse to convergence is brought automatically into play, and one 
determines the proximal termination of the range at which the fixational corneal 
light reflexes can be maintained, or the near point of convergence This is also 
the distance at which displacement of the reflex on one cornea occurs The test 
IS a simple objective one, and the examiner can note the “break” and foretell the 
natuie of the diplopia 

8 Pn^m Convergence and Pusm Divergence (fig 8) — The amount of base-in 
or base-out prism which one can overcome with a rotary prism is a measure of the 
prism divergence or prism convergence The prism reflex test lends itself satis- 
factoiily to revealing to what extent the fixational corneal light reflexes can be 
maintained A displacement of the light reflex from the fixation position as a 
result of an increase in the strength of the prism indicates a “break” in fusion 
and IS of objective value in cases of suspected malingering when the fixational 
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reflexes are maintained in the presence of a moderate increase in the strength 
of the prism 

In routine pi ism tests one often relies on the patient to say when fusion is 
“broken” and, in overlooking the objective value of the prism reflex test, fails to 
realize that what appears to be fusion or compensation for the prism is in reality 
relative suppression in one eye In such cases, the light reflex will keep shifting 
in the nonfixing eye as the stiength of the prism is increased until stimulation 
of a more sensitive zone beyond the suppression area produces diplopia 

9 Objective Heteiophona — A prism (say 10 pi ism diopters base down) placed 
vertically over one eye ordinarily causes vertical diplopia The nature of such 
vertical diplopia depends on whethei one is dealing with orthophoria, esophoria 
01 exophona In orthophoria (fig 9) the position of the eye is not changed by the 

A 



B COMPENSATORY RESPONSE 



riXINC EYE 


Fig 8 — Prism convergence, with maintenance of fixational corneal light reflexes 

vertical prism, and the light reflex is displaced vertically, or in the direction of 
the apex If the eye behind the prism is the nonfixing eye, the light reflex is 
higher and the false image created by the prism is also higher than the image 
seen by the fellow, or fixing, eye If the patient transfers fixation to the higher 
image by turning the eyes upward, the light reflex becomes centered in the eye 
behind the prism and correspondingly lowered in the otherwise fixing eye The 
displacement of the light reflex in either eye suggests diplopia, especially when 
alternate vertical fixation occurs The nature of such displacement indicates the 
type of diplopia as well as the nature of the heterophoria 

In esophoria (fig 10) the nonfixing eye turns in behind the vertical prism, and, 
in addition to vertical displacement of the corneal light reflex toward the apex 
by the prism, there is a temporal displacement as a result of the turning m o 
the eye The position of the displaced light reflex indicates the nature of t e 
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false pi ejection and, incidentally, the type of heterophoiia From the stand- 
point of measurement, that amount of lateral prism which will bring the light 
reflex into a straight, vertical position or into an orthophonc position also serves 
as a measure of the amount of esophoria By such veitical lealmement of the 
dual reflexes the images likewise become vertically realined 


A BINOCULAR - 



B EFFECT OF VERTICAL PRISM — NORMAL 



riXING EYE REELEX TOWARDS APEX 

OR 



DISPUACEMEMT VERTICAUV FIXING EYE 

DOWNWARDS 


Fig 9 — Vertical prism in orthophoria 



2 EFFECT OF VERTICAL PRISM 



FIXING EYE 


3 EFFECT OF ADDED BASE OUT PRISM 



FIXING EYE 

vertical alignment of 

LIGHT REFLEXES 



FIXING EYE 


Fig 10 — Esophoria and restoration of vertical corneal light reflexes by a neutralizing base- 
out prism 


In exophoria, the nonfixing eye turns out behind the prism, and the corneal 
light reflex is displaced inward as a result of the heterophoria and upward as 
a result of the vertical prism In this condition, too, the amount of base-in prism 
required to restore vertical alinement of the dual light reflexes indicates the 
amount of exophoria Also, the oblique positions of this displaced light reflex 
relative to the fixed position indicates the direction of projection of the false image 
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I WITHOUT PRISM 



p,g \2 — ^Range of monocular movement as shown by the corneal reflex test 
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10 To Distinguish a Hefeiophotta pom a Heteiotiopia — In heterophoiia, 
as distinguished from heterotropia, the eyes can respond to certain artificial 
sti esses, such as those due to prisms, and still maintain binocular single vision and 
fixational coineal light reflexes In heteiophoria (fig 11) the placement of a pi ism 
before the fixing eye will merely cause both eyes to turn in the direction of the apex 
of the prism (conjugate movement) m order for the fixing eye to maintain fixation 
behind the prism, and the position of the coineal light leflex will change only 
in the nonfixing eye, the placement of the prism befoie the nonfixing, or 
passive, eye will merely serve to move the light reflex in that eye, without alter- 
ing the position or movement in either eye In either condition, the amount of 
prism required to neutralize the deviation will also serve to bring the corneal 
light reflexes to the fixation positions In heteiophoria, each eye will overcome 
by the same amount the effects of a prism and still maintain binoculai sinqle 
vision (fixational corneal light reflexes) 

11 Paralytic Squint, Pumaiy and Secondaiy Deviations — In paralytic squint 
one seeks to determine (a) the fixing eye, which has the fixational coineal light 
reflex, (&) the type and amount of displacement of the corneal light reflex in 
the fellow eye, (c) the changes in displacement of the light reflex m the nonfixing 
eye as the eyes are shifted in the cardinal directions of gaze, and {d) the amount 
of induced displacement m the otherwise fixing eye when the nonfixing eye is made 
to fix 

12 Monoculai Movements (fig 12) — Observation of the central corneal light 
leflex is invaluable in objective measurement of the amount of monocular motility 

With the anglometer, the patient’s head is placed firmly in a head rest, and the 
testing eye is brought into a cyclopean position (the other eye covered) The 
lighted target is moved along the calibrated arc, and the obseiver notes through 
what range fixation of the corneal light reflex can be maintained, first in one 
direction and then in the other The area of motility can be plotted so as to 
incluae both the vertical and the horizontal directions of gaze 

CONCLUSIONS 

1 While the cover test rightfully serves as a basis for estimation of both latent 
and manifest deviations, it is not always easy for the exammei to obseive slight 
movements in each eye on alternate covering 

2 Observation of the peripheral corneal light reflex (Hirschberg) is an unsatis- 
factory objective test, subject to the whims of the individual examiner 

3 Artificial restoration, or centering, of the corneal light reflexes to then 
fixation positions is a controlled and graded objective method for measuiing ocular 
deviation and binocular imbalance 

4 Aitificial centering of the coineal light reflexes can be obtained by acceptable 
methods which enable one to study binocular responses Such methods include 
pi ism tests and use of the anglometer, phorometric stereoscope or synoptophore. 

5 A prism refiacts light toward the base, but displacement of the corneal light 
reflex takes place towaid the apex In squint, a correcting pi ism is so placed as 
to shift the corneal light reflex to the fixation position The amount of prism 
1 equired to center the corneal light reflexes also serves as a measure of the deviation 

6 The position of the peripheral corneal light reflex indicates the projection 
of the false image in the case of diplopia To overcome diplopia, artificial center- 
ing of such reflexes is required A prism placed with its apex in the direction 
of the dewation will restore the light reflexes to their fixation positions 
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7 The pi ism reflex test simplifies the measurement of ocular deviation It is 
intended to complement rather than to replace the familiar cover test, and is of 
objective value (c) in determining the amount of prism convergence and pi ism 
divergence as determined by the extent through which the fixational corneal light 
reflexes can be maintained with increasing prism, (b) in measuring heterophoria, 
(c) m distinguishing a heterophoria from a hetei otropia, (fl) in measuiing squint 
with severe amblyopia and {e) in demonstrating malingering 

8 A rotary prism is the most satisfactory prism device for observation of 
the gradual correction from peripheral to fixational corneal light reflexes in mani- 
fest squint 

9 The refined Brewster stereoscope enables one to center the corneal light 
reflexes at the angle of deviation Moreover, it can be adapted to different ranges 
of accommodation 

10 The anglometer provides a comprehensive picture of both the horizontal 
and the vertical deviation in any measured position of gaze through the mcoipora- 
tion of lighted carriers that can be adjusted to correspond to ocular deviations foi 
these difterent positions 

11 The fixational corneal light reflexes are additionally helpful in the objective 
study of (a) the near point of convergence, (b) the fixing, or dominant, eye, 
(c) primary versus secondarj'^ deviation, {d) ocular torticollis versus toiticollis 
originating in the sternocleidomastoid muscle, (e) the range of monocular move- 
ments, (/) binoculai fixation, {g) abnormal retinal correspondence, (/i) true 
squint versus pseudosqumt (angle gamma), and (?) amblyopia 



QUANTITATIVE COMPARISON OF METHODS OF 
ADMINISTERING PHYSOSTIGMINE 

JAMES LESLIE BOYD, MD 

WASHINGTON, D C 

Physostigmme, because of its potent parasympathomimetic action, has retained 
an important position in ophthalmic therapy since first used as a miotic by Laqueur 
(1876) ^ It IS administered usually in an aqueous solution and less frequent!}' 
m an ointment or lamella The official preparation is physostigmme salicylate, 
although the sulfate, which possesses similar pharmacologic properties, is also 
available 

This paper presents a comparison of the effectiveness of the vai'ious methods 
of local application, including iontophoresis and the use of a wetting agent 

In the selection of a method of administering a drug or m the adoption of a 
new method, its relative advantages and disadvantages must be carefully balanced 
As pari of the evaluation it is desirable to know the amount of drug entering the 
eye Theiefore a quantitative estimation was made of the physostigmme content 
of the aqueous humor of the rabbit’s eye with different methods of application 
No local 01 general deleterious effects were noted with any of the procedures 
described A tempoiary corneal haze did, however, follow the lontophoretic 
experiments It disappeared m one-half hour to one hour No attempt was made 
to evaluate other factors, such as changes in vascularity, in tension and m the amount 
or content of the aqueous 

PRELIMINARY STUDIES 

No accurate quantitative test for the chemical analysis of small amounts of 
physostigmme could be found Biologic assay is the best method available 
Pulewka ^ introduced the white mouse pupil as a test object for atropine bioassay 
and demonstrated its advantages The superiority of the pupil of the white mouse 
over that of the cat was confirmed by Veit and Vogt® and by Orzechowski and 
Hundneser ^ Von Sallmann ° used Pulewka’s method for the estimation of atropine 
and scopolamine in different ocular structures Salt solutions of these drugs were 
introduced lontophoretically by vaiious routes Investigation by Orzechowski and 
Hundneser showed that the same method of bioassay was applicable to the quanti- 
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tative estimation of physostigmine It utilizes a series of white mice whose 
pupillary reactions haA^e been standardized b} the subcutaneous or intraperitoneal 
injection of knoun quantities of drug The amount of physostigmine present in 
solutions of unknown concentration can then be determined by a comparison of 
the pupillar} responses to the standaids 

White mice weighing 16 to 22 Gm were used The pupillary size was measured with a 
Leitz preparation microscope (ultrapaque) and ocular micrometer A constant illumination 
was prowded by a 6 \olt tungsten bulb controlled by a rheostat and an ammeter m the electrical 
circuit The minimum illumination that provided adequate visibility was chosen The mouse 
pupil quickly assumed a stationary position that made possible an accurate measurement of 
the diameter 

The use of monochromatic light supplied by a red Wratten filter was tried in the hope of 
obtaining a light source that would not stimulate the rods of the mouse retina A light source 
possessing this quality would give a larger pupil, increasing the range of contraction and 
therefore the accuracy of the test At the beginning of an exposure red light did not appear 
to induce miosis, but a slow contraction followed, introducing a difficulty not compensated by 
its advantages, and its use was discontinued 

Readings were taken between 11 a m and 3 p m to avoid the phjsiologic morning and 
evening dilation The mice were kept in a quiet, dark room a minimum of one-half hour before 
each reading A measurement of the normal pupillary size was made preliminary to each 
test Uncooperatne or excitable mice and those with a pupillarj' variation greater than 005 mm 
irom the average normal were not used Animals were allowed a minimum of four dais’ rest 
between experiments 



Chart 1 — Standard curve showing the pupillary diameter of rabbits after inj ection of 
\anous amounts of physostigmine salicjdate m 025 cc of distilled water (A represents the 
pupillary diameter of a normal mouse which did not recene an injection, i e 031 mm) 


All solutions w'cre used at room temperature The injections were kept constant in 
quantity (0 25 cc ) and were introduced subcutaneously After the injection of test solutions, 
a three-quarter hour interval, corresponding to the time of the drug’s maximal action, was 
allowed before determinations w'ere made 


bTANDARDS 

A Standard curre was prepaied representing the eftect of injections of 0 25 cc 
of distilled water containing i espectn'el}’-, 0 001 to 0 007 mg of physostigmine 
salicylate in gradients of 0 001 mg All tests were repeated five times on groups of 
5 mice each The aaerage normal pupillary diameter of each group measured 
0 31 mm Fort)-fiAe minutes later each pupil rvas again measured and the ar^erage 
for the 10 ejes determined 

The pupillary diameter produced by the injection of 0 001 mg of physostigmine 
salicvlate equaled 0 27 mm Similarly, the diameter produced by 0 002 mg equaled 
0 24 mm , b}’’ 0 003 mg , 0 21 mm , by 0 004 mg , 0 19 mm , by 0 005 mg , 
0 17 mm , by 0 006 mg , 0 15 mm , and by 0 007 mg 0 14 mm These results, 
plotted on a graph, are the basis for the standard cuire illustrated in chart 1 
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TECHNIC 

Different methods of local administration of physostigmme were carried out on the e\es of 
albino rabbits Each method was used five times One hour after treatment 0 25 cc of aqueous 
humor was removed, with the eye under pontocaine anesthesia, with a hypodermic syringe fitted 
with a 27 gage needle This was injected subcutaneously into a mouse For each method a 
group of 5 mice with an average normal pupillary diameter of 0 31 mm was chosen. Forty-five 
minutes after injection the pupillary size of the mice was again measured and the average for 
the 10 eyes determined The concentration of physostigmme was calculated by plotting the 
results against the standard curve, as shown in chart 2 In lontophoretic experiments a 
Birkhauser tube electrode ^ ivas employed as the anode The indifferent electrode was placed 
over the skull 

RESULTS 

The administration of 0 1 cc of a 0 25 pei cent commercial physostigmme 
salicylate ointment produced a concentration m the aqueous humor of 0 3 mg per 
hundred cubic centimeters 

One physostigmme salicylate ophthalmic lamella (Oil mg ) gave a concentra- 
tion of 0 74 mg per hundred cubic centimeters 

One instillation of 2 drops (01 cc ) of 0 S per cent physostigmme salicylate m 
distilled water brought about a concentration m the aqueous humor too small to be 
determined accurately However, when this amount was given twice with a ten 



PHYSOSTIGMINE CONCENTRATION 
MILLIGRAMS PER 100 CC 

Chart 2 —The pupillary diameter after A, 01 cc of a 0 25 per cent physostigmine sali- 
cylate ointment was applied, B, 01 cc of a 05 per cent solution of physostigmme salicjdate 
m distilled water was instilled two times, C, one physostigmme salicylate lamella (011 mg) 
was applied, 01 cc of a 0 5 per cent solution of physostigmme salicylate m distilled water 
was instilled four times and iontophoresis with a 0 01 per cent solution of physostigmme 
salicylate m distilled water was carried out at 1 milliamperes for one minute, D, 01 cc of 
a 0 5 per cent solution of physostigmme salicylate in a 1 5,000 solution of zephiran and 
01 cc of a 05 per cent solution of physostigmme sulfate in zephiran ophthalmic jelly were 
administered , E, 01 cc of a 0 5 per cent solution of physostigmme sulfate in a 1 5,000 solu- 
tion of zephiran was instilled four times, F, iontophoresis with a 0 01 per cent solution of 
physostigmme salicylate in distilled water was carried out at 2 milliamperes for two minutes 
and iontophoresis with a 0 1 per cent solution of physostigmme salicylate in distilled water 
was carried out at 1 milhampere for one minute, and G, iontophoresis with a 0 1 per cent solu- 
tion of physostigmme salicylate m distilled water was carried out at 2 milliamperes for two 
minutes 

minute interval, the concentration was 04 mg per hundred cubic centimeters 
Four instillations at ten minute interv^als resulted in a concentration of 0 68 mg 
The results obtained by O’Brien and Swan ~ with carbaminoylcholme chloride 
dissolved in a vehicle containing a surface tension-reducing agent stimulated a 
similar investigation with physostigmme Physostigmme salicylate when dissolved 

6 Birkhauser, R Expenmentelles und Klinisches zur lontophoretischen Behandlung \on 
Hornhauttrubungen mit der Rohrenelektrode, Kim Monatsbl f Augenh 67*536, 1921 

7 O’Brien, C S, and Swan, K C Carbammojlcholme Chloride m the Treatment of 
Glaucoma Simplex, A.rch Ophth 27 253 (Feb ) 1942 
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m distilled water containing the same wetting agent zephiran ® in the same concen- 
tration, 1 5,000, yielded a cloudy precipitate This wetting agent was found to be 
incompatible with salicylates Substitution of the sulfate salt made a satisfactoiy 
mixtuie This vehicle, when compared with distilled water alone, occasioned a 
significant increase in the concentration in the aqueous humor, a 2 drop instillation 
with a 0 5 per cent physostigmine sulfate solution pi oducmg a concentration of 

0 8 mg per hundred cubic centimeters and four similar instillations, a concentra- 
tion of 1 08 mg All instillations weie followed by gentle massage of the cornea 
through the lids 

The administration of 0 1 cc of a 0 5 per cent physostigmine sulfate solution 
in zephiran ophthalmic jelly produced a concentration of 0 76 mg per hundred 
cubic centimeters 

Iontophoresis employing a 0 1 per cent of physostigmine salicylate in distilled 
water and a current of 1 milliampere for one minute resulted in a concentration of 

1 46 mg pel hundred cubic centimeters When the amount of current and the 
length of time were both doubled, the concentration increased to 2 8 mg A 0 01 
pei cent solution gave correspondingly lowei concentrations , i e , 1 milliampere 
for one minute, a concentration of 0 62 mg , and 2 milliamperes for two minutes, 
1 3 mg , per hundred cubic centimeters 

The addition of a wetting agent to the solutions used in iontophoresis did not 
increase their efficiency 

COMMENT 

A general review of the literature advocating impioved methods of ocular 
therapy in comparison with the standard form of instillation disclosed four mam 
groups of agents ointments or oily bases, ophthalmic disks or lamellas, solutions 
applied by iontophoresis and wetting agents Quantitative bioassay of the aqueous 
humor of rabbits’ eyes after administration of physostigmine with representatives 
of these four groups allowed the followung deductions to be made 

In single treatments the ointment had a decided advantage over an aqueous 
solution A lamella was twice as efficient as the ointment, and a surface tension- 
reducing solution or jelly corresponded in efficiency to the lamella Iontophoresis 
w'as capable of producing concentrations three times as high as those produced 
by the lamella or the wetting agent 

The relative ease with which drops can be instilled warranted comparison of 
multiple instillations with iontophoresis Application by means of an lontophoretic 
current of 1 milliampere for one minute of a 0 01 per cent solution of physostigmine 
salicylate wms appi oximately equal in efficiency to four instillations (2 drops every 
ten minutes) of a 0 5 per cent aqueous solution or one instillation of 0 5 per cent 
physostigmine sulfate m a surface tension-reducing solution Four instillations of 
a surface tension-reducing solution were approximately twice as effective as four 
instillations of a simple aqueous solution, but not so efficient as iontophoresis with 
a 2 milliampere current for two minutes and a 0 01 per cent solution or with a 
1 milliampere current for one minute and a 0 1 per cent solution When the current 
was increased to 2 milliamperes for two minutes, iontophoresis with a 0 1 per cent 
solution was approximately two and a half times as efficient as repeated instillations 
of 0 5 per cent physostigmine sulfate in a wetting agent 

In acute congestive glaucoma and m preoperative high intraocular tension, 
when it IS important to lower the tension quickly, physostigmine is most valuable 
Howe\er, its intensive use has been limited by unpleasant systemic symptoms 

8 Zephiran is a mixture of high-molecular alkyl, dimethyl and benzyl ammonium chlorides 
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The addition of a wetting agent increased the efficiency of the physostigmine 
drops, but there was an accompanying increase of absoiption into the general 
circulation through the conjunctiva and, unless the laciimal apparatus was com- 
piessed, thiough the mucosa of the laciimal sac and the nose as well Careful 
application of only sufficient solution to covei the cornea or use of a coineal bath 
technic would minimize undesirable absorption 

Iontophoresis employing a coineal tube electiode piesented a method of obtain- 
ing greatei concentrations of physostigmine m the aqueous humoi with a negligible 
amount of systemic leaction Before it can be recommended for treatment, how- 
ever, its action on normal and pathologic intraoculai tension will require fuithei 
investigation 

CONCLUSIONS 

1 Bioassay was applicable to the estimation of physostigmine m aqueous humor 

2 One tenth cubic centimeter of a 0 25 per cent physostigmine salicylate oint- 
ment when applied to a rabbit’s eye gave a higher concentration m the aqueous 
humor than an instillation of 0 1 cc of a 0 5 per cent solution m distilled water 

3 A lamella containing Oil mg of physostigmine salicylate was twice as 
efficieni- as the ointment 

4 Thei e was no appreciable difference between 0 1 cc of 0 5 per cent physo- 
stigmme sulfate as a vehicle for a water-soluble jelly and a solution when each 
contained a wetting agent The concentration m the aqueous humoi produced 
approximated that produced by the lamella 

5 Iontophoresis employing a 2 milliampeie current foi two minutes and a 0 1 
pel cent aqueous solution of physostigmine salicylate increased the concentration 
over that obtained by a 0 1 cc instillation of 0 5 per cent physostigmine sulfate in 
a sill face tension-reducing vehicle by three and a half times 

6 Four instillations of a 0 5 per cent physostigmine sulfate solution containing 
a \\ettmg agent gave a concentration twice that obtained by four instillations of a 
0 5 per cent aqueous solution but less than half that obtained by iontophoresis with 
a 0 1 per cent aqueous solution and a current of 2 milhamperes for two minutes 

1301 Floral Street Northwest 
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Severdl questions of inteiest arose in connection with tonometric measurements 
in the glaucoma clinic of the Long Island College Hospital (Dr Henry Mitchell 
Smith, director) Would it be possible, for instance, to determine whether the 
reliability of the measurements would be enhanced by use of the Schijzltz instrument 
or by use of the McLean instrument^ Could a table of equivalents be arranged 
with which to check one instrument against the other, so that, given a reading with 
one instrument, one could with reasonable ceitamty judge the probable leading 
with the other ^ And, finally, was one instrument more reliable than the othei 
when used on eyes with low tension, normal eyes and eyes with high tension^ 

A study of 205 eyes was made, without full knowledge of the work of other 
observers, in an effort to solve these questions It then seemed well to review tlie 
field of tonometry from Schi^tz’ original contribution, in 1905,^^ w’^hich laid the 
groundwork and foundation for, and was actually the beginning of, modem 
tonometry This review consisted mainly of an evaluation of the Schi^tz and 
McLean tonometers 

Much of this article will be elementary and some of it rather technical 
particularly in connection with Fnedenwald’s plan of study and the work of 
Harrington and Parsons, most of it will be a leview, some of the details may be 
of historical interest , perhaps the content will prove to be somewhat informative 
by merely refreshing the reader’s knowledge of the subject 

It has been conceded, of course, that direct manometry is still the only 
scientifically accurate method of measuring the true intraocular pressure Howevei , 
this method being clinically inapplicable, it was necessaiy to devise an instrument 
for estimating the intraocular pressuie by interpretation of measurements taken 
of the impossibility of the globe 

The development of the tonometer and the ingenuity exercised m its design 
are most interesting and have been ably reviewed by Lloyd ^ From the beginning 
there has been a constant striving for greater accuracy in the interpretation of 
the instrument’s measure of ocular impressibility ® 

In 1868 Doi, in discussing one of the earliest models, gave expression to the 
following frequently repeated words, quoted by Lloyd “ “The tonometei in its 
present form is as yet so far remolded from exactness that it cannot be regarded 
as mathematically correct, but on the contrary it is sufficiently exact for both 
practical and clinical use ” 

From the Department of Ophthalmology, Long Island College of Medicine 

Read at the staff conference of the Department of Ophthalmology, Long Island College 
Hospital, Oct 28, 1942 

1 Schi^tz, H Ein ncuer Tonometer, Arch f Augenli 52 401, 1905 

2 Lloyd, R I Tonometry and the Various Instruments Employed in Its Practice, Am T 

Ophth 13 396 and 496, 1930 

3 Harrington, D O , and Parsons, A H Tonometric Standardization, Tr Sect Uptitn 
A M A , 1941, p 203 
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From that period to the present, approximately fi£t}' different forms of 
tonometers have been devised, and within the last thirty years the form invented 
by Schi^tz has been the most generally used ^ No doubt the ophthalmologist’s 
requirements for clinical exactness have been greatly raised and he would no longer 
be satisfied with tlie crude model with which Dor worked Nevertheless, as pointed 
out by Fnedenwald comparatively recently, there has been little exact knowledge 
as to vhat, precisely, one is measuring when one uses the tonometer, nor has it 
been knovn vhat interpretation to give to the divergent readings obtained with the 
different types of instruments 

The first records of experiments in ophthalmomanometr)^ %\ere those of C. 
Weber in 1850, but he failed to draw any conclusions as to the normal intraocular 
tension Wahlfors m 1888, using a manometer in connection vith a normal living 
human eye, found the intraocular pressure to be 26 mm of mercury The usual 
method of determining the intraocular pressure experimentally has been to introduce 
a cannula into the interior of the eye and attach a manometer by means of tubing 
to the cannula Both water and mercury have been emplo}ed in manometers, the 
choice depending on the construction of the apparatus Among the early experi- 
menters were Weber, Leber, Neisnamoff, Pfluger, vonHippel, Gruhagen, von 
Schulten, Stocker, Starling, Adamuk, Holtske, Hill and Flack The experiments 
performed by these men were on dogs, rabbits and cats, and their conclusions were 
that the normal intraocular tension of these animals varies from 18 to 35 mm of 
mercur}’- Weber and Wahlfors, according to McLean,® experimented on the human 
eye 

Before the days of the Schijitz tonometer, estimations of pressure translated 
into millimeters of mercury were based on the experiment of Wahlfors His 
determination of 26 mm of mercury as the normal intraocular pressure was m 
harmony with the experiments on the lower animals made by other investigators. 
This was the only experiment on record m which an eye of normal tension had 
been connected directly to a manometer When the Schi^tz tonometer was 
adopted, a new conception of the normal intraocular pressure was introduced ® 
With the advent of this instrument a point was reached at which the actual intra- 
ocular pressure of the average eye could be inferred u ith reasonable exactitude from 
a measure of its impressibility ® 

The original model of the Schi 5 ^tz instrument is well known The plunger is 
completely removable and has a concave surface at its point of corneal contact — 
continuous ivith the curve of the foot plate Separate weights of 5 5, 7 5, 10 or 15 
Gm can be used as necessary, each being screwed, independently, on the center 
rod The amount of dimpling of the cornea is transmitted to the lever and show n 
on the scale By means of a graph or table the reading so obtained can be trans- 
lated approximately into intraocular pressure m millimeters of mercury Schi^tz 
found that the results w ere most reliable wdien the readings w ere made as near as 
possible to figure 3 on the scale His original graph was based on readings 
obtained from the examination of 8 excised human eyes, each under eleven different 
manometric pressures, his findings at that time were that normal intraocular 
pressure ^arles from 15 to 25 mm of mercur}^ 

Schidtz’ experimental method, as described by Harrington and Parsons,® was 
briefly as follows He connected the eye wuth a w^ater manometer, and with a 

4 Fnedenwald, J S Contribution to the Theor> and Practice of Tonometry. Am T 
Ophth 20 985, 1937 

5 IvIcLean, W Experimental Studies in Intra-Ocular Pressure and Tonometn Arch 
Ophth 48 23, 1919 
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tonometer resting on the cornea measured the tonometer scale readings corre- 
sponding to different intraocular pressures In each case two sets of readings weie 
taken First the connection between the eye and the manometer was left open 
The pressure measured was the actual intraocular pressure with the tonometer in 
place Second, the intraocular pressure was brought to a particular level, and the 
connection with the manometer was closed The tonometer was then placed on the 
cornea and a reading made Schij^tz used the results of the second method, which 
most closely approximates the clinical procedure in tonometry, to establish his 
nomogram, checking their accuracy by comparison with the results with the open 
manometer 

In 1915 Priestley Smith ® stated the principle of the ocular tonometer as follows 

The instrument measures the impressibility of the eyeball, and from the degree of impressi- 
bility we infer the mtra-ocular pressure The value of the inference is limited by the fact 
that the impressibility varies, not only with the intra-ocular pressure, but also with the size 
and structure of the eye 

He stated that m the early days of tonometry this limitation was clearly recognized, 
but that since the advent of the Schijzftz tonometer, which is more sensitive than 
any of its predecessors, it seemed to have been somewhat overlooked He con- 
tinued 

It has become customary to translate the leadings into millimeters of mercury according to the 
chart of averages, and to quote the figures as though they correctly represented the mtra-ocular 
pressure m the individual case Professor Schiotz, be it noted, has made no such claim for 
them Even under the most favourable circumstances the tonometer cannot tell us 

the pressure with precision Eyes which have the same pressure will sometimes give different 
readings, and eyes which have different pressures will give the same readings This we know 
It IS inherent in the nature of the case What we do not know is the amount of error which 
may arise 

Priestley Smith’s experiments were made chiefly on human eyes m situ in 
dead subjects and on excised eyes of pigs, the latter being obtained immediately 
after death A few were made, for comparison, on excised eyes of sheep and 
bullocks 

He stated that if all human eyes were alike m size and shape, and if their tunics 
were equally pliable and extensible, it might be possible to construct a scale 
according to which an accurate tonometric reading would tell the mtiaoculai 
pressure with precision in every case But as eyes differ in these respects, a scale 
which IS used in all cases must be wrong in some, even if strictly correct for the 
average eye, it will fail for individual eyes 

Two separate questions arose for consideration in connection with Priestley 
Smith’s experiments 1 With what degree of accuracy can one measure the 
impressibility of the eye-’ 2 With what degree of accuiacy does the impressibility 
indicate the intraocular pressure^ 

As for the first, he stated that by applying a tonometer several times m suc- 
cession to a given eye, taking care that the same internal pressure is reestablished 
(experimentally) before each application, one can learn the degree of accuracy 
with which the instrument does its work, if the readings differ materially, either 
the mechanism of the instrument or the manner of using it must be faulty He 
hastened to add that the workmanship of the Schiyitz tonometer was admirable 
and that frequently m his first trials he got variations amounting to two and even 
three divisions on the scale owing to incorrect placing of the instrument 

6 Smith, P On the Limitations of the Tonometer, Ophth Rev 3i 65, 1915 
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As for the second question— With what degiee of accuracy does the impres- 
sibility indicate the intraocular pressure^— he stated that by applying the 
instrument to a number of diffeient eyes in all of which the same mteinal piessure 
has been established, one can learn the extent to which the impressibility is 
influenced by conditions othei than the height of the intraocular piessure 
Accordingly, the amount of erioi likely to arise m a tonometric reading can be 
discovered by noting the extent to which the leadings differ 
Priestley Smith concluded that 

when a tonometric observation is recorded [with a Schi0tz instrument] it is the leading 
and not the supposed equivalent in mm Hg that should be stated [for instance, 3/5 5 Gm or 
4/7 5 Gm ] The reading is a fact , the other is an inference which may be correct or incorrect 
Records in the form of mm Hg are undoubtedly attractive, for they give an impression 
of scientific accuracy, but they are really a source of confusion and lead to false con- 
ceptions 

We are told that the pressure in healthy eyes varies from 13 to 27 mm Hg Whether this 
is true or not only the manometer could say for certain, but it is extremely improbable It 
implies that not only the pressure of the intra-ocular fluid, but also that of the blood in the 
large veins of the retina and uveal tract, is twice as great in some eyes as in others, and all 
within healthy limits Knowing as we do that the pressure in different eyes may seem to 
differ by 6 or 8 or even more mm Hg, while m reality it differs not at all, we may well 
doubt the inference in question 

Priestley Smith stated that if his own observations weie coirect, the Schi^tz 
chart would place the intraocular pressure several millimeters of mercuiy too low 
It should be kept in mind that these observations were recorded in 1915 and that 
Priestley Smith was refenmg to Schi^tz’ original graph 

Schij 2 $tz himself advocated and set the example of lecoiding readings and not 
supposed equivalents, and Elschmg,^ in thorough agieement, stated that piessuie 
values in millimeters of mercury ought to be given only if the intraocular tension 
is exactly determined with a manometer 

Priestley Smith thoroughly suppoited the principle of the Schi^tz tonometer 
He was careful to point out that his report was not an attack on this tonometer, 
but rather a defense of an admiiable instrument against demands with which no 
instrument could possibly comply He stated that the tonometer, though it cannot 
measure absolute piessure, can indicate changes of pressure with great precision 
Applied to the same eye at diffeient times, befoie and after an operation, before and 
after the use of a ceitam drug, at different hours of the day or night, and so forth, 
It can give invaluable aid in determining the occurrence of changes in pressure 
when these are doubtful Again, as between the two eyes of the same person, when 
they are presumably alike m structure, it can be relied on to detect with certainty 
a difference of piessure much smaller than is discoverable by the finger 

When the eye of one person is compaied with the eye of another or with a 
standaid average, although considerable allowance must be made for the influence 
of structural differences, the tonometer is far more tiustworthy than the finger 
as an index to the intraocular pressure 

In 1914 McLean ® introduced his direct reading tonometer, and in 1919 ® he 
gave an account of his woik to place tonometiy on a more accurate scientific basis 
The report included certain observations regarding the noimal intraocular pressuie 
All that McLean had set out to do was to improve or eliminate several features 
in the Schidtz and Cradle tonometers The Cradle tonometei was devised in 

7 Elschnig, A Designation of Tonometrically Ascertained Ocular Tension, Klin 
Monatsbl f Augenh 89 289, 1932, Am J Ophth 16 8, 1933 

8 McLean, W Preliminary Report of a New Tonometer, J Ophth, Otol & Lar\n" 

OA 1A1-4 •fry . ^3 
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191 1 It IS essentially the Schijzftz instrument with several modifications It is 
constructed more firmly , the handles are circular where grasped between the 
fingers, the coineal foot plate and stylet are smaller, the stylet is so attached that 
it cannot be dropped out of the tube in which it slides, and the four weights are 
each 1 Gm being added to one another when the resistance of the hardened eyeball 
makes a heavier weight necessary Every third marking on the recording scale is 
numbered in order to facilitate the tonometnc reading A chart is furnished which 
translates the tonometnc readings into millimeters of mercury according to the 
empiric standard adopted by Schi^tz 

Theie were several respects in which McLean thought that the Schi^tz 
tonometer could be improved on His criticisms were that ( 1 ) the reading scale of 
the instrument is too far away from the eye under examination, (2) the necessary 
translation of the reading into millimeters of mercury is cumbersome (3) the 
chart supplied is a trying one to decipher, (4) the method of changing weights is 
difficult and time consuming and ( 5 ) the plunger fits the foot barrel so closely that 
capillary attraction may impair the accuracy of the reading 

The McLean instrument differs in many ways from those previously presented 
The arc of the indicating needle is below instead of above, as in the Schi^tz and 
Gradle models, so that the numbered reading scale is as close as possible to the 
eye under examination The scale is graduated in millimeters of mercurial pressure 
from 10 to 130, making possible a direct reading of the intraocular pressure, 
without recourse to graphs, and eliminating the need for noting millimeter or 
fractional millimeter oscillations No weights are needed The plunger is so 
supported that “no drag is produced by the capillary attraction of any fluid wliicli 
may have remained on the cornea at the time of placing the instrument foi a 
reading ” 

Several years were spent by McLean in experimentation to overcome mechanical 
difficulties before all was in readiness for the scale and the determination of the 
pressure according to the manometer It w^as wdiile attempting to check the 
accuracy of a testing apparatus with a Schijz^tz tonometer that McLean discoveied 
that the tonometer did not agree, neither did several other Schij^tz tonometers or 
a Gradle instrument These tonometers gave lower readings than the manometer 
It was then that experiments were conducted to investigate fuither the matter of 
normal intraocular pressure 

McLean’s experimental lesults tended to revert to the standards established 
by Wahlfors and the early expenmenteis rather than the newer scale of the Schi^tz 
tonometer They were performed on rabbits and dogs and on 3 living human eyes 
m situ The 3 living eyes were all glaucomatous and were being removed on 
account of unconti ollable pain The experiments on 2 were performed before 
McLean’s tonometer was perfected For the first eye, the measurements were 50 
wnth the Schijltz tonometer and 65 with the manometer Tests made after 
enucleation disclosed the same variation For the second eye, the measurement 
was 72 with the Schi^tz tonometer and 88 with the manometer For the third, 
on which both tonometers were used, the Schij^tz instrument gave a measurement 
of 40, the McLean of 58 and the manometer of 60 

The present scale on the McLean tonometer was adopted on the basis of tests 
of nearly 200 enucleated eyes and a considerable number of eyes in situ of the lover 
animals With this tonometer, the lower limit of normal intraocular pressure is 
to be considered as 22 and its upper limit not above 40 IMcLean stated that it is 
difficult to gne an absolute limit of normal tension 

9 Gradle, H Modification of Schidtz Tonometer, Qphtb Rec 20T9i 19U 
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McLean^® had joined Weber and Wahlfors and Wessely and Seidel as one 
of the only men who had done any experimental woik on living human eyes by 
connecting the mteiior of the eye to a manometei 

During the course of the experiments on rabbits, an appaiently new observation 
was made, namely, that the tonometer disclosed a marked difteience m mtiaocular 
piessure with the eye under local and under geneial anesthesia This was borne 
out by manometnc readings, the tension dioppmg anywhere from 3 to 11 mm 
during general anesthesia 

In all the experiments ° on the living eye, both human and animal, the intra- 
ocular pressuie was highest during local anesthesia, and as soon as the subject was 
thoioughly under the influence of ether, the pressure was loweied, the deepei the 
anesthesia, the lower the pressuie, until a limit was reached In animals it was 
noted that the pressure rose aftei the ether cone was lemoved, so that it was back 
to Its oiigmal level as the animal legained consciousness In the fiist of the cases 
of enucleation, the Schi^tz tension of the glaucomatous eye diopped from 75 undei 
local anesthesia to 45 and that of the healthy eye from 19 to 10 In the second 
case, the tension of the glaucomatous eye dropped fiom 88 undei local to 72 at 
the fii St 1 eading under general anesthesia and to 47 as the anesthesia was increased 

Schip^tz’ reply to McLean’s ciiticisms of his instrument was as follows 1 The 
distance between the leading scale and the eye matters but little 2 Tonometric 
leadings cannot be accuiately tianslated into mtiaocular piessuie m niillimeteis 
of meicuiy and it is pieferable to state the weight used and the leading obtained, 
in the form of a fi action or otherwise, and to follow this with a figuie designating 
the pressure deduced McLean short-cut the calculations and arrived diiectly at 
the deduced pressure 3 The chart can easily be enlarged 4 It is a disadvantage 
to employ a constant weight, as in the McLean instiument, much more reliable 
indications are obtained by vaiying the weight according to the needs in the 
individual case Schi^tz defended this thesis m considerable detail 5 As to the 
influence of capillaiy action, he expressed the opinion that this factor is negligible, 
Elliot agieed, stating that he had strong practical leasons for believing this 
opinion to be correct Elliot’s opinion, after using both instruments, was that the 
low position of the McLean scale is a distinct advance 

Dr Marple, who claimed the distinction of bringing the fiist Schi^tz tonometer 
into this countiy, had become greatly interested and had been present at many of 
klcLean’s expeiiments He requested the privilege of sending Dr Schijiltz one 
of McLean’s tonometers togethei with a diagram of the testing apparatus and the 
1 esults of the tests he had seen He desired Dr Schi^tz’ criticism of the apparatus 
and some explanation of why the results did not agree In Ins reply, quoted by 
McLean,^® Schi^tz failed to ciiticize the apparatus and the method of the testing, 
and his only comment relative to the expeiiments was, “Dr McLean evidently 
has ^ allies difiteient from mine I do not understand why” 

In 1920 Schipitz wiote that, although duiing the years since he had introduced 
his instiument he had never ceased to occupy himself with the tonometer, it had 
not been until the previous thiee oi foui years that he had been able to turn his 
full attention to a close investigation of the subject His aim was partly to improve 
the insti ument if possible, partly to extend existing knowledge of the mode of action 

10 McLean, W Development of a Tonometer, Am J Ophth 2 417, 1919 

11 Elliot, R H A Treatise on Glaucoma, ed 2, New York, Oxford UnnersiU Press, 1922_ 

12 Schiptz, H Tonometri', Bnt J Ophth 4 201 and 249, 1920 
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of the tonometer and partly to check and correct the cuives the constiuction of 
which had been based on not more than 8 enucleated eyes 

Schi^tz conceded that, as might have been expected, the graphs based on 
measmements of 8 enucleated eyes were incorrect, and in 1924, utilizing the 
measurements of Piiestley Smith on 12 dead eyes m situ and additional data he 
himself had obtained during the pievious year on 30 dead eyes %n situ, he compiled 
a new graph, which showed the readings m meicunal pressure to be 4 mm higher 
than the computations on the graph accompanying the original instrument Of the 
30 eyes experimented on, 20 weie m persons who had been dead for from eight 
to forty-eight hours prior to the measuring, on the remaining 10 the measurements 
were made one to two hours after death Several measurements were taken for 
each pressure height Schi^tz found no important difference between the two 
groups regarding the deflections, and he concluded that one may safely assume 
that for each degree of pressure the maximum and minimum deflections m living 
eyes will be about the same as m dead eyes For these measurements Schij^tz 
used his old standard tonometer, which had been used for all his previous measure- 
ments and as the standard for the adjustment of other tonometers 

A deflection of 3 mm (5 5 Gm in weight) is the approximate limit for the 
normal intraocular piessure, and its mercury value is about 4 mm higher than 
origmall)'^ assumed Schi^tz stressed the fact that to investigators who have 
recoided the deflections as the measure of the intraocular pressure, which is really 
the only correct method, the changes in mercury values aie of no importance, 
because at present, as before, deflections of between 3 and 6 mm or more signify 
the noimal mtraoculai pressure Those who have translated the deflection values 
into millimeters of mercury must rectify these according to the new graphs 

At the time that Schijzltz compiled his new graphs (in 1924),^® he again 
emphasized the fact that a given deflection does not indicate a definite pressure in 
millimeters of mercury, that it represents a range between the maximum and 
minimum which is not insignificant If, he stated, one fixes a deflection of 3 mm 
(5 5 Gm weight) as the limit between the normal and pathologic pressure, one 
does so because it represents a range between the normal and the pathologic The 
boundary is never sharply defined Consequently, with a deflection of 3 mm (5 5 
Gm ) the pressure will as a rule be about 29 mm of mercury, but that deflection 
might be properly leferable to the minimum graph and to an intraocular pressure of 
26 mm or to the maximum graph and a pressure of 33 mm In othei words, the 
deflection of the pointer does not indicate a precise pressure but a pressure laiige, 
which for the 5 5 Gm weight is about 6 to 8 mm , for the 7 5 Gm weight 8 to 10 
mm , foi the 10 Gm weight about 13 mm and for the 15 Gm weight about 15 
mm Nor can it be otherwise, continued Schijzltz, when one takes into consideration 
the individual peculiarities m the size of the eyes and m the thickness and elasticitv 
of their walls 

Priestley Smith’s comment summarized the status of tonometry at the time 
“We have here the limitation of the tonometer, and the fact cannot be altered as 
long as we employ the principle m question ” Schi^tz stated that he could not 
imagine any method available for living eyes b}'- which the eriors due to variations 
of the envelope could be eliminated 

In connection with this consideration of the variables in tonometry, Elliot “ in 
1922 wrote that there had been apparently unanimous recognition, by investigators 
who had carefully worked on the subject, of the profound influence, at least 

13 Schifltz, H Tonometry, BriL J Ophth 9 145, 1925 
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theoretic, of the rigidity or elasticity of the tunic of the globe and of difterences 
in the radius of curvature on the tonometnc determinations Where the authoiities 
differ, he stated 

IS m the matter of the extent to which this factor influences the readings obtained Some 
observers think it to be of such great importance that it invalidates their scientific accuracy 
McLean, on the other hand, whose admirable work on a large number of living eyes entitles 
his opinion to the greatest respect, does not agree with this assumption, and believes that, 
provided we have to do with a living eye, the overwhelming factor m the determination of 
the tonometer reading is the intra-ocular pressure,, the condition of the tunic being compara- 
tively unimportant Obviously gross pathological change, such as calcification of the tunic, is 
excluded 

After working on the problem for a considerable time, Schij^ltz constructed a 
new model of his instrument, presented in 1924,^® in which the plunger and weight 
form one piece, which may be put into the cylinder from above If a heavier weight 
IS needed, another weight may be placed on top of the first one This improvement 
eliminates the criticism often directed to the difficulty encountered in sciewing on 
and off different weights for higher pressures According to Schijzltz, the sliding 
cylinder with the small round disks has been replaced by one with ball bearings, 
making the cylinder more solid and the tonometer better balanced In principle, 
however, the old model was retained 

During the course of his experiments, Schi^tz became aware of the extraor- 
dinary influence of the shape of the lower end of the plunger on the extent of the 
deflections of the pointer This detail is elaborated on here because of seveial 
references that will be made subsequently In the Schi^tz tonometer, the lower end 
of the plunger is concave, and the radius of curvature is the same as that of the 
concave surface of the base, viz , 15 mm For technical reasons, the question 
was raised as to whether the lower end of the plunger should be made flat Schij^tz 
recorded certain measuienients obtained, respectively, with plungers having the 
ordinary concave end surface, a plane surface and a convex surface They showed 
a surprising difference m the deflections of the pointer, especially as between 
the concave and the convex surface This great difference, Schipitz stated, was 
surprising but the explanation simple In each case the plunger sinks into the 
membiane and depresses it until the depressed area is supported from below by 
a pressure that balances the weight of the plunger and its controlling parts, in 
each case the “supporting area” is the same but to obtain it the convex plunger 
must sink more deeply than the concave 

With a convex plunger and a relatively small weight one can deal with a large 
range of piessures, and Schij^itz stated in his earlier work that he ought perhaps 
to substitute a convex plunger for the concave m ordei to avoid the troublesome 
addition and removal of weights and the need for the corresponding four curves 
On the other hand, he feared that the relatively small intervals between the 
deflections with the convex plunger m the case of high pressure would make the 
measurements less trustworthy and would result in objections to the proposed 
change 

However, Schij^tz was not inclined to abandon the idea of the convex plunger, 
for further experiments showed that just m the region with which one is most 
concerned the deflections are not smaller but considerably larger than with the 
concave Additional studies were undertaken with the convex plunger m order 
to find the weight most suitable for clinical use , 5 2 Gm for the plunger and its 
belongings was determined as the best This weight gave a sufficiently large 
range, namely, from 22 mm of mercury (deflection, 5 6 mm ) to 90 mm (deflec- 
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tion, 0) And so, in 1927, Schi^tz introduced a tonometer with a convex: 
plunger, which he named the Schijzltz x-tonometer 

When comparative measurements with the two instiuments were made on the 
same eye, Schi^tz found the readings equally constant with each, but when they 
were made on a numbei of different eyes it w'as noticeable that in cases in which 
the concave plunger gave uniform leadings, the convex often showed slight 
variations which could hardly be attributed to error He stated the belief that 
the small discrepancies were due to slight differences in the thickness and elasticity 
of the corneas, so small that the flatter surface of the concave plunger is not 
influenced by them, while the convex plunger, which sinks deeper and is more 
closely surrounded bv the cornea, is sensitive to them The flat plunger he believed 
to be undesirable because a slight error toward either convexity or concavity 
causes perceptible vaiiations m the deflections 

After a thorough consideration of the question, Schi^tz concluded that for the 
time being at least it would be preferable to retain the plunger with the concave 
surface He said 

This tonometer has now been tried for many years and has shown itself — when correctly 
siandai dtsed — to be a practical instrument for clinical use The earlier disadvantage of having 
to screw the additional weights on and off is done away with, for the original weight of 
5 5 grm can now be added to by simply laying on it the 7 5 grm , 10 grm , or 15 grm 
weight 

I must add, however, that the x-tonometer also is a good instrument, it gives a constant 
deflection and unquestionably it is safer for the corneal epithelium, especially in eyes with 
high pressure for which with the concave plunger one must use a proportionately high weight 
Whatever shape be adopted, it is clear that the deflections given by different tonometers will 
not be comparable if the plungers are differently shaped 

The weight of the Schi^tz tonometer is represented by two distinct parts acting 
independently The one consists of the cylinder, with its cup-shaped base, together 
with the loop carrying the flat strip and the graduated arc This part of the 
tonometer weighs 101 Gm The other part consists of the plunger, with its 
loose weight, together with the pointer The weight of this part varies xvith the 
loose weight employed It is 5 5, 7 5, 10 or 15 Gm , respectively 

Schipftz stated that the use of loose weights which have to be changed during 
the examination may appear inexpedient Certainly it would be easier to use only 
one, but this would have to be considerably larger, an innovation which he con- 
siders absolutely wrong A heavy w'eight means an unnecessary strain on normal 
eyes and causes a depression in the cornea of 1 mm or more, which, Schi^tz wrote, 
is undesirable and according to his experience will not increase the reliability of 
the indications His opinion is that the most reliable deflections are those from 
1 to 5 mm or, at most, 10 mm If a deflection smaller than 1 mm is obtained, 
a heavier weight should be employed, and if with a heavier weight the deflection 
IS greater than 5 to 6 mm , a lighter weight should be substituted 

Schi^tz’ declared that a heavy weight does not give exact information with 
regard to eyes wuth normal or slightly increased pressure, it causes fluid to be 
pressed out of the eye and thus reduces the pressure below its original state He 
said that experimental measurements show that it is inadvisable to use weights that 
are heavier than is absolutely necessary for the production of reliable deflections 
of the pointer 

14 Schi^tz, H Tonometrj A Tonoineter with Convex Plunger, Brit J Ophth 11 
1927 
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In this connection, it is interesting to note a report by Bock, Kronfeld and 
Stough,^® that 

The behavior of the mtra-ocular tension of normal eyes in response to the application for 
two minutes of a [Schiotz] tonometer carrying a IS Gm weight was studied on fifty persons 
In every case the tension dropped in proportion to the original tension Normal eyes with 
tensions between 27 and 32 mm showed a greater decrease than a small number of glaucomatous 
eyes with the same original tensions 

Friedenwald has stated that the actual expulsion of fluid from the oculai cavity 
cannot be instantaneous and may be i educed to a minimum by a reduction in the 
time of the tonometric leading to as short a peiiod as possible 

In commenting on two tonometers made m America, Schi^tz stated that the 
Giadle instiument is the Schi^tz tonometer except for a few “impiovements” and 
that the McLean tonometer is 

a very beautiful instrument, but, to tell the truth, I cannot in this case either find any real 
difference between it and the Schiotz The design and the principle are similar, though the 
index IS made to point downwards instead of upwards A few other slight alterations have 
been made, and these undoubtedly will influence the measurements, so that it will probably 
give results a little different from those obtained by the Schiotz tonometer 

McLean’s tonometer subjects all eyes to the pressure of a considerable weight, viz 25 grm , 
of which 12-15 grm falls on the plunger For most eyes this weight is unnecessarily heav\, 
more than 10 grm being needed only in very rare cases For reasons already given I con- 
sider It undesirable to graduate the scale in mm Hg , as in the McLean tonometer 

That Dr McLean found the values obtained with the McLean and Schiotz tonometers to 
differ considerably is due, I think, in the first place to the fact that the Hg values for the 
Schiotz were too low, and, secondly, in some degree, to differences in the relative weights 
of the various parts of the instruments and other differences The tonometer is a very sensitive 
instrument, and the slightest alteration in any detail is likely to influence tlie deflections For 
example, I have learnt recently that the lower end of the plunger in the McLean tonometer 
is convex I have already shown that the shape of the plunger has an important influence 
on the deflections 

The values [with the Schiotz and the McLean tonometer] can hardly be compared for thej 
he differently on the scale, but the instrument does not appear to offer any real improvement 
as regards reliability of measurement The McLean tonometer is a Schiotz tonometer partly 
turned upside down, and as it is similar to the older instrument both in principle and build, it 
should measure as well, but nothing has been added which could lead us to expect it to measure 
better 

Schiotz expressed his gratitude to Priestley Smith for his exposition of the 
Schipitz tonometei and stated that he fully agreed with his conclusion that “It is 
not proved, and it is not likely, that the instrument errs to the extent that McLean's 
experiments suggest ” 

Elliot commented on Schiotz’ criticism of the McLean instrument on the 
giound of its high fixed weight and stated that McLean’s experiments on living 
human eyes would seem to show that it is an accurate instrument when used on 
eyes with high pressure, whatever it may be on normal ones, and he added that 
clinical expel lence with the instrument serves to piove that its indications with 
legaid to noimal eyes can safely be lelied on, foi they are consistent with the other 
featuies present 

Elliot has used both the Schiotz and the McLean tonometei, and he has 
expiessed his confidence that either will prove invaluable to the surgeon who 
accustoms himself to its use 


15 Bock, J , Kronfeld, P C, and Stough, J T Effect on Intra-Ocular Tension of Cornea! 
klassage \Mth the Tonometer of Schiotz, Arch Ophth 11 797 (klai ) 1934 

16 In a personal communication to the author, Dr McLean wrote that the lower end of 
the plunger of his tonometer is flat 
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Table 1 — A Compauson of Piessuie Readings Obtained with the Schtpts and the 
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In summarizing his thoughts m regard to the choice of an instrument, James 
W Smith stated that every ophthalmologist who employs a standard tonometer 
has learned to know from experience what the normal reading is for his instiument 
and what constitutes an increase or decrease He stated the belief that the con- 
troversy regarding the calibration of some instruments as compared ^Mth actual 
rea'dings of intraocular pressure obtained with a manometer is chiefly of scientific 
and academic concern It has been generally accepted that the relative readings 
of tonometry are of much greater practical importance than the absolute ones 

In 1932 Shope undertook a study in tonometric measurements m a large 
senes of cases m an effort to obviate the confusion resulting from the multiplicity 
of tonometers in general use and the interpretation of their readings The purpose 
of this clinical investigation was to compile a table of comparative values for three 
popular tonometers, namely, the Schi^tz, the McLean and the Bailhart, giving a 
sufficient number of values to be practical, based on the application of the tonometer 
to human eyes 

The Bailhart tonometer was included in the study because, according to Shope, 
“This tonometer, because of its several new and practical features, has bid for a 
place in the ophthalmologist’s armamentarium These features include the direct 
reading in millimeters of mercur}^ no weights to change, and applicability in the 
erect posture and upon the sclera” Bailhart stated that his tonometer had been 
standardized with the Schi^tz instrument and adjusted to read the same, and it 
therefore seemed advisable to determine whether these t\%o tonometers did read 
the same when applied to the same eyes 

Approximately 10,000 tonometric readings were taken for Shope's study Of 
these, 1,687, taken on 220 eyes, were selected for further consideration The others 
vere i ejected because the application of tonometers lowered the intraocular 
pressure, making parallel readings impossible 

17. Smith, J W Tonometr), Am J Ophth 9 773, 1926 

18 Shope, P A Stud) in Tonometric Measurements, Am J Ophth 15 739, 1932 
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A reading with a Schi^tz tonometer was obtained befoie and aftei each series 
of tension readings Only those series were considered in which these two leadings 
were the same or there was a reduction in tension not greater than one division on 
the Schijzttz scale 

The corneal cun^ature was determined in all cases with an ophthalmometei 
No eyes were studied fuither which showed irregularities, an unusually high oi 
low curA'^ature or a large amount of astigmatism of the anteiior surface of the 
■cornea 

Although it was found that most eyes became softei after a tonometei AAas 
-applied to the cornea a few times, many normal eyes, with a tension of 17 to 22 
mm of mercury (Schi^tz), did not become altered in intraocular tension by seA'^eral 
applications of various tonometei s Many glaucomatous e 3 '^es became softei after 
a tonometer Avas applied a few times The tension became less in piactically all 
eyes after the McLean tonometer Avas applied tAvo to four times Priestley Smith 
has stated that the eye becomes softer after application of a tonometer by expiession 
of fluid from the anterior chamber and that absence of this softening is a nearly 
constant indication of obstructive changes m the filtration angle On the basis of 
his OAvn observations, Shope concluded that apparently some factor othei than the 
patency of the filtration angle must play a role in the softening 

In this study it Avas found that five Schi^tz tonometers, all in good repaii, gave 
different readings Avhen applied to the same eyes Three of these Avere manu- 
factuied in Noriva)’’ Two Avere certified The othei tAvo Aveie of German 
manufacture The readings with these tonometers occasionally diffeied as much 
as IS mm of mercury on an eye of normal mtiaocular tension and IS to 20 mm 
on a glaucomatous eye Exact agreement was unusual 

With tAvo Schi^tz tonometers and tAvo McLean tonometers, a comparative study 
was made and tabulated It was found that the equivalent values for these tAvo 
kinds of tonometers Avere about as given by McLean and Schi^tz on the aA'^eiage 
but for any given Schi) 2 ltz reading there Avas a considerable range in McLean 
readings 

Shope concluded that there is no exact parallel betAveen readings obtained Avith 
the Schij^ltz and Avith the McLean tonometei For example, the McLean instru- 
ment gave a reading of 36 mm for an eye for Avhich the reading was 22 mm Avith 
the Schi^tz tonometer, for another eye the values were 36 mm Avith the McLean 
and 33 mm Avith the Schipltz instrument Foi another eye the readings Avere 41 
mm Avith the McLean and 27 S mm Avith the Schidtz, while still another eye 
registered 41 mm Avith the McLean and 36 mm Avith the SchipJtz tonometer 
Since a Avide range of equivalents with one tonometer Avas found for any given 
reading Avith the other, no chart of exact or nearly exact equivalents could be 
draAvn up, and only such a chart could have much practical value 

A series of tension readings Avas taken in Avhich the Schipltz and the Bailhart 
tonometer Avere compared On the average, the Bailhait tonometer agreed fairly 
closely Avith the Schifltz, the usual variation being 3 to 5 mm of mercury 
Occasionally large differences betAveen the tAvo Avere encountered, 1 eye legistered 
35 mm AVitli the Schi^tz and 16 mm Avith the Bailhart 

Readings obtained AAith the Bailhait tonometer applied to the cornea AAith the 
patient erect and Avith the patient recumbent agreed or differed less than 3 mm 
in 75 per cent of cases Scleral readings AAUth the Bailhart instrument Aveie often 
surprisingly accurate, but just as often surprisingly inaccurate 

In the series reported on in the present paper, 410 measuiements A\ere taken 
•on 205 ejes One Schifltz and one McLean tonometer Aiere used The Schijlt^ 
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instrument was an onginal model of Noiwegian manufactuie It has served me 
well foi many years, and I have considered it reliable m its indications Both 
mstiuments recorded properly when placed on their respective testing sin faces 
In several instances the Schi^tz instrument was checked vith a similar model of 
similar manufactuie belonging to Dr Heniy Mitchell Smith, and on those occasions 
both mstiuments recorded alike or with negligible variation 

Corneal curvature was not measured, but no eyes were included that showed 
extensive corneal scarring A tonometnc measurement was taken with the Schi^tz 
instrument first, and this was followed by a reading with the McLean tonometer 
after one minute All readings were taken by me 

As will be noted m table 1, for practically every reading with the Schi^tz instiu- 
ment there was a range of readings with the McLean For instance, 16 eyes that 
measured 20 nim of mercuiy Schi^tz (1924 giaph) gave readings of from 21 to 
28 mm McLean Twenty-five eyes measured 26 mm Schij^ltz and 28 to 36 mm 


T\ble 2 — Summary of Piessuie Readmgs Obtained with the Schipfz and the McLean 
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McLean Seven eyes that measured 46 mm Schi0tz gave leadings of from 50 to 
63 mm McLean There were similar ranges of values in piactically all the othei 
groups Conversely, for practically every reading with the McLean instiument, 
there was a range of readings with the Schi0tz 

The readings on this senes of eyes tend to show that the equivalent values of 
the two tonometers are about as given by McLean and Schi0tz For instance 
18 eyes that measured 23 mm of mercury Schi0tz (1924 graph) showed an 
equivalent of 25 to 32 mm McLean (table 2) This is ivell within the average 
noinial for both instruments Twenty-five eyes that measured 26 mm Schi0tz 
showed an equivalent of 28 to 36 mm McLean This is still wnthin the normal 
lange Ten eyes measured 28 5 mm Schi0tz, wnth an equnalent of 32 to 39 mm 
McLean At this point one begins to reach the approximate upper limits of normal 
for both instruments Thirteen eyes measured 31 mm Schi0tz and 32 to 43 mm 
McLean, and 10 eyes measured 33 mm Schi0tz and 35 to 43 mm IMcLean The 
last 2 Schi0tz readmgs, 31 and 33, are somewdiat above the upper limit of normal 
29 inm , and, similarly, the McLean leadings have passed the recognized upper 
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limit of normal, 40 mm As one gets to the higher Schi^tz readings, the McLean 
equivalents are also definitely above normal One eye measured 39 mm with both 
instruments 

On the basis of this data, one can only subscribe to the conclusions i cached 
hy Shope in his study 

Shope called attention to the tenet already recognized almost unanimously as 
fundamental, that no tonometer may be expected to give a definite idea of intra- 
ocular pressure until the variables which enter into tonometry can be conti oiled or 
calculated He listed the principal variables as follows ( 1 ) impressibility of the 
■cornea, (2) distensibihty of the corneoscleial coat, (3) compressibility of the 
choroid, (4) freedom of outflow of the aqueous, (5) amount and compressibility 
of the orbital fat, (6) corneal curvature and (7) size of the globe, as, other things 
being equal, a large globe will distend more than a small one 

Harrington and Parsons have moie recently regrouped into the following 
classification the factors which, aside from the actual intraocular pressure, determine 
a tonometric reading (1) rigidit}'- of the ocular coats, (2) volume of corneal 
indentation pioduced by the tonometer plunger, (3) distortion of the cornea by 
the tonometer foot plate irrespective of indentation by the plunger, (4) expulsion 
of intraocular fluid by the weight and b> the mannei of application of the tonometer 
and (5) mechanical accuracy of the tonometer as to (a) adherence to specifications 
and (h) reduction of reading eirors 

Shope also called attention to several possible causes of erroi that may decidedly 
influence the accuracy of a tonometric reading It might be well to keep them in 
mind (1) tonometer not applied to the corneal center, (2) tonometer not erect, 
(3) fingers pressing on the globe, (4) lids touching the cup-shaped base, (5) 
patient squeezing the eyelids, (6) unsteadiness of fixation of the eye, (7) lack of 
correction for movements of the eye when it is covered, the movements being due 
to heterophoria, and (8) pressing down or lifting up on the handle of the Schi^tz 
or McLean tonometer (this is regulated on the Bailliart instrument) 

In 1936 Adler, Berner and Meyer reported the results of a comparison of 
tonometers for their clinical accuracy They devised an instrument foi the testing 
and compai ed the readings of different tonometers with actual intraocular pressures 
and the readings of standaid tonometers of the same make at different pressures 
Schi^tz, McLean and Gradle tonometers were found to be sufficiently accurate for 
clinical purposes Between the pressures of 20 and 40 mm of mercury there was 
rarely a difference of more than 4 mm between the actual pressure and the tono- 
metric leading One Bailliart tonometer was tested and found entirely inaccurate 
McLean readings between 20 and 30 mm were 3 mm higher than the Schi^tz 
and between 30 and 40 mm were 4 mm higher than the Schi^tz 

Four Schi^tz instruments were taken at random and compai ed For pressures 
between 20 and 30 mm , there was no more than 3 mm difference m the readings 
At higher pressures, greater inaccuracies developed, but the inaccuracy was con- 
stant for the particular instrument and when known could be allowed for in the 
readings 

The authors stated that for accurate readings the plunger of the tonometer must 
be absolutely clean, the foot plate must rest smoothly on the cornea approximately 
on the center and the tilt of the instrument must not be more than 15 degrees 
Weights for the Schipftz instrument should be selected so that the pointer reads 
between 3 and 7 

19 Adler, F H , Berner, G E, and Me>er, G P A Comparison of Tonometers for 
Their Clinical Accurac} Summary (A G Fewell), Am J\ Ophth 19 49, 1936 
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Fnedenwald" in 1937, m a brilliant “Contribution to the Theory and Practice 
of Tonometry,” presented an analysis of his studies of the structural rigidity of the 
eyeball and the influence of this variable in tonometry This comprehensive and 
for the most part mathematical treatise was unquestionably the most important 
advance in many years in the field in which there has been a relative paucity of 
original studies and of new developments ” As a result of this study, as pointed 
out by Harrington and Parsons, three of the major variables in a tonometric read- 
ing have so far as theoretically possible been mathematically reduced to constants 
The potential accuracy of impression tonometry has thus been greatly increased 
Fnedenwald reemphasized that tonometric measurements are not direct mea- 
surements of intraocular pressure but are measurements of the degree of indentation 
of the cornea by the tonometric plunger with a given load As was noted by the 
earliest writers on tonometry, this measurement is not dependent on the intraocular 
pressure alone but is influenced, as has already been stated, by other factors, of 
which the distensibility of the eyeball as a whole is the most important 

Fnedenwald’s purpose was to obtain if possible some measure of this resistance 
to deformation and some indication of the appropriate corrections in pressure read- 
ings which variations in such resistance should dictate “If,” he stated, “we com- 
pare two eyes which actually have the same intraocular pressure but which diffei 
markedly in the rigidity or distensibility of their coats, we will erroneously conclude 
from the tonometric reading that the pressure m the more rigid eye is higher than 
in the more distensible eye ” This study represented an attempt to disentangle 
these t\i 0 factors in the tonometric reading 

For it Fnedenwald used the Schij;ltz tonometer with its original concave 
plunger end of the same radius of curvature as the tonometer foot plate , he omitted 
all consideration of the rounded plunger of the Schi^tz x-tonometer and of the 
plunger of the McLean instrument He stated, first, that more extensive experi- 
mental and clinical data exist for this type of plunger and, second, that the theoretic 
development of the relations which he sought are simpler when this form is 
considered 

When the Schij^tz tonometer is placed on the eye, a twofold effect is produced 
Since the foot plate has a radius of curvature of 1 5 mm , while the radius of curva- 
tuie of the cornea in normal eyes varies from 7 to 8 mm , the cornea must be 
flattened over the area of contact with the tonometer In addition, the plunger 
indents the cornea, and it is the depth of the indentation from the level of the 
foot plate that is read on the tonometer scale 

“When the plunger indents the cornea,” the author continued, “fluid is displaced 
from beneath it, and the intraocular pressure is raised Part of the displaced fluid 
may be accounted for by an expulsion of blood from the intraocular vascular bed 
and an actual absorption of fluid out of the ocular cavity, while the remainder can 
be accommodated only by a distortion of the eyeball as a whole, no doubt mainly 
by an expansion in the equatorial zone of the eye ” 

Friedennald stated that experimental work has shown that a measure of the 
compressibility of the intraocular vascular bed is included in the elasticity measure- 
ment, nhile the expulsion of intraocular fluid from the interior of the eye, as a 
result of the massaging effect of the tonometer, does not introduce important 
errors if the tonometric measurements are done rapidly 


20 Tern, T L, in discussion on Harrington and Parson,^ p 228 

21 Fneden\^I(^ J S Contribution to the Theor> and Practice of Tonometry 
bumman (A G Fewell), Am J Ophth 21 193, 1938 


Condensed 



542 


ARCHIVES OF OPHTHALMOLOGl 


Perhaps it would be best to quote Fnedenwald directly in legaid to the geneial 
plan of his study 

We have first attempted a theoretical analysis of the factors involved in a tonometnc reading 
and have grouped together for consideration those factors other than pressure which may be 
thought of as contributing to the resistance that the eyeball exhibits to indentation by the 
tonometer Previous studies on the elasticiy of the eye are then considered, and from the 
experimental data recorded by other observers a mathematical law is derived of the relation 
between volume and pressure changes in the eye, together with a mathematical formulation 
of what may be regarded as the coefficient of rigidity of an eyeball independent of pressure 
This law IS then applied to tonometnc readings on the assumption that the application of the 
tonometer with successively different weights to an eye produces in the eye successively different 
pressure and volume changes In order to accomplish this, it is necessary to know the volume 
of the corneal indentation produced by the tonometer plunger, and the intraocular pressure at 
the time when the tonometer is resting on the eye The latter can be computed directly from the 
data given by Schiotz in the original measurements which he made in order to calibrate his 
tonometer The former may be calculated to a fair approximation It follows that 

with the aid of these calculations the coefficient of rigidity of an eye can be computed from 
a pair of tonometnc measurements made with two different weights By allowing for the 
distortion of the cornea produced by the tonometer foot plate, the intraocular pressure that 
existed before the application of the tonometer on the eye may be estimated A chart or 
nomogram has been constructed with the aid of which these otherwise laborious calculations 
can be performed graphically 

The second stage of the investigation has consisted in applying these methods for the 
measurement of the rigidity and pressure first to normal and then to abnormal eyes A 
statistical analysis of the results on normal eyes has enabled us to evaluate the effect of age, 
sex, axial refraction, and corneal curvature on intraocular pressure and ocular rigidity as 
determined by this method The average normal ocular rigidity is found to be somewhat 
lower than that implied in the data used by Schiotz to calibrate his tonometer, and the average 
normal intraocular pressure is found to be correspondingly higher than that assumed by Schiotz 
Using these data, a correction for the Schiotz chart or nomogram is obtained Finally, the 
results of measurements of ocular rigidity and pressure in certain diseases are presented, and 
also an analysis of the effect of certain drugs on the rigidity and pressure of the eye 

Fnedenwald based Ins experimental work on the data reported by Schulter, 
Koster, Schiotz, Ridley and Clark on the distensibility of the eyeball and on the 
experimental data which Schijzltz used in computing his 1924 scale of piessures 
In regard to the latter, Fnedenwald stated, “The extraordinary perspicacity with 
which Schiotz analyzed his own results has been a recurring source of help to us 
in our study ” Harrington and Parsons, also commenting on the experimental 
data supplied by Schiotz, stated that the final measurements and calculations from 
which Schij^tz computed his 1924 scale of pressures are models of scientific care 

By using the data on which Schiotz based his tonometnc chart, Fnedenwald 
computed the pressure which exists within the eye at each tonometnc scale reading 
for each weight of the tonometer plunger and also the volume of the indentation 
corresponding to each tonometnc scale reading With the aid of these calculations 
and an empiric formula for the relation between pressure and volume changes 
in a given eye based on the experimental work on ocular distensibility, a nomogiam 
ivas developed from which the coefficient of an eye may be computed from two 
tonometnc readings with two different weights (Measurements w^ere made rou- 
tinely on normal eyes with the 5 5 and 10 Gm weights and m the cases of elevated 
tension with the 7 5 and 15 Gm iveights In a few instances all four -weights were 
used ) Finally, by allowing for the distortion of the cornea due to the tonometer 
foot plate irrespective of the indentation produced by the plunger, a method ivas 
developed for calculating the true intraocular pressure free from errors due to the 
rigidity of the ocular coats 

Having determined the average rigidity coefficient of noimal emmetropic eyes, 
Friedenw aid w as in a position to recompute the Schiotz scale so that tension read- 
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mgs made with its aid would be accurate, at least when the oculai rigidity was 
normal This chart is based on the assumption that the tonometer used is, in 
fact, an accurate mechanical replica of the standard Schi^tz tonometei 

The average normal pressure determined with such an instrument by means of 
this chart will be found to be 25 mm of mercury Readings above 35 mm are 
to be attiibuted to either abnormally high pressure or abnormally high rigidity 
If measurements on an eye are made with two different weights and the same 
pressure is indicated on the chart with each weight, the eye may be considered as 
having normal rigidity and the pressure reading as accurate If with the heaviei 
of the two weights the apparent pressure reading is higher, the eye is abnoimally 
rigid, and the actual intraocular pressure is lower than either of the two readings 
If with the heavier weight the apparent pressure reading is lower, then the eye 
is abnormally distensible, and the actual intraocular pressuie is higher than eithei 
of the two readings would indicate 

Fnedenwald found that the rigidity of the eye is increased in old age and in 
extreme myopia This is likewise the case m intiaocular inflammatory disease and 
not infrequently gives use to an erroneous diagnosis of secondary glaucoma In 
primary glaucoma, the ocular rigidity tends to be increased by long-continued high 
pressuie The effect of certain drugs on the ocular rigidity has been studied, and 
It was found that those drugs which act as vasodilators tend to dimmish ocular 
rigidity and those which act as vasoconstrictors tend to increase ocular rigidity 
The cause of the relative increase m the rigidity of the eyeball m extreme myopia 
has not been ascertained The possibility that the sclera has been stretched beyond 
Its elastic limit is suggested 

Harrington and Parsons ® supplemented the work of Fnedenwald and m 1941 
piesented a paper on a method of increasing the accuracy of tonometry This 
valuable study will undoubtedly go far toward achieving the long sought goal of 
tqnometric standardization 

Following in the footsteps of Schi^tz and Fnedenw’-ald, who, they declared, have 
done most to point out the need for tonometric standardization, Harrington and 
Parsons stated 

We have made a searching anabasis of Fnedenwald’s work and are entirely in agreement 
with his theory and his conclusions, all of which we have accepted in toto as logical and in 
definite order We feel, however, that the work exhibits several drawbacks winch have robbed 
It of some of the appreciation that should have been its due, and while we are unable to add 
to the fundamental concepts involved it seems highly desirable to make better use of these 
concepts by presenting them m somewhat less abstruse form and in such a wa> as to make 
them easily applicable to clinical tonometry 

We make no attempt within the limits of this paper to review the vast subject of 
tonometry We are content with the more modest aim of using the salient points pre- 

sented by lanous authors to evolve a clinically workable method of tonometry and one which 
we feel is more accurate in its interpretation of tonometric readings Schiotz’ experi- 

mental Mork IS readily available, but it remained for Fnedenwald to coordinate it in such a 
manner as to eliminate the important variable of the resistance to pressure which is exerted 
bv the rigidiU of the ocular envelope and thus make it possible to determine to a reasonable 
degree of approximation the actual resistance to tonometric pressure exerted by the intra- 
ocular pressure alone The assumption of an average rigiditj of ocular coats thus becomes 
inadmissible 

Friedcnwald’s work has served to emphasize the fundamental accuracy of the findings of 
Schiotz If one accepts the %ahdity of the theorj that ocular ngiditj is a prime factor in 
the determination of actual intraocular pressure, one must automaticalh accept the principle 
of the tonometer with multiple weights and a concave plunger Schiotz* anticipated us in this 
when he conMneed himself that his owm X tonometer added nothing of lalue sufficient to 
warrant its adoption 

Clinical application of the increased accuracy of interpretation contributed bj Fnedenwald 
to the Schiotz method plus the %ast accumulation of clinical data based on the Schiotz scale. 
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plus the piactically international acceptance of the Schiotz nomogram, provides a widely used, 
clinically accurate method of impression tonometry as capable of rigid standardization and"^ 
universal adoption as the Snellen visual acuity test It remains but to devise an instrument 
by which this method may be fully utilized 

As has already been noted, Schij^tz was much distressed by the tendency to 
record tonoinetnc readings in terms of millimeters of mercury Harrington and 
Parsons said 

In spite of his exhortations the clinical use of direct pressure recording has persisted and, it 
cannot be denied, has much to be said in its favor This attempt at a more direct approach 
to the analysis of intraocular pressure has, through wide clinical use and common consent, 
succeeded gradually in almost replacing the original Schiotz method It is largely responsible 
for the search for satisfactory direct reading instruments, such as those designed by McLean 
and Bailliart 

It IS indirectly responsible for the confusion and lack of standardization m tonometry today 

The authors stated that the Schiotz tonometer m its present foim is not a 
standardized instrument in any sense of the word They carefully checked the 
weights and measurements of a large number of such tonometers, some manu- 
factured in Europe and some in the United States They found no instrument 
that adhered to Schiotz’ original specifications and no two instruments that were 
alike in more than the diameter of the plunger 

Harrington and Parsons undertook to analyze, simplify and recalculate what 
they termed the fundamentally sound principles presented by Friedenwald, in 
order to make them practical for clinical application As a substitute for the graph 
method of calculating ocular pressure and rigidity, as proposed by Friedenwald, 
they presented a simple numerical chart from which the true intraocular pressure 
may be read when two tonometiic readings are taken, each with a separate weight 
In addition, they presented a new tonometer, designed to minimize reading errors, 
adhering rigidly to fundamental specifications and capable of use as a multiple 
weight instrument according to the directions of Schiotz or, with the new numerical 
• chart, according to the method of Friedenwald It is also, within the natural limits 
of any multiple weight tonometer, a direct reading instrument 

Friedenwald agreed that the numerical chart has much to be said for it in 
lespect to convenience, but he cautioned that such a table of numbers may readily 
give a false sense of exactitude One must keep constantly in mind, he counseled, 
the range of piobable error in the measurement As for the new instrument, he 
stated 

I have had the opportunity to see a photograph of Dr Harrington’s tonometer and have 
been much impressed with its appearance I have not had an opportunity to study the instru- 
ment Itself and should prefer to reserve judgment about it There can be no doubt, however, 
that the authors are decidedly on the right track The slovenliness in construction of Schiotz- 
,-tjpe tonometers sold at a substantial price in this country is really shocking I once weighed 
half a dozen instruments all produced by the same manufacturer and found variations of 
2 Gm or more in the weight of the parts which rest on the tonometer foot plate and of over 
1 Gm in the weight of the plunger and the lever arm It would seem that the manufacturer 
is unaware that the mark 5 5 which he has engraved on the instrument means 5 S Gm 

I believe that the authors will agree with me in the assertion that standardization of the 
tonometer should include rigorous definitions of the piermissible -variations from the standard 

Further desiderata are as follows 

The scale should be close to the eje, as in the McLean tonometer The center of gravity 
of the whole instrument should be low The plunger should have the concave end and variable 
weight of the Schiotz model rather than the convex end of the Schiotz X model and. of the 

22 Friedenwald, T S, m discussion on Harrington and Parsons,® p 224 
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McLean instrument In addition, the instrument should be rugged and easily disassembled 
for cleansing, with its moie delicate moving parts enclosed and protected It should be 
reasonably inexpensive 

It IS evident that many of these requirements are fulfilled by the instrument shown 

T L Terry,"® in discussing the paper of Hariington and Parsons stated that 
it would not be difficult to laise objections and criticisms, chiefly because impiession 
tonometry, or for that matter any form of tonometry, is thiough necessity not 
scientifically accuiate, especially if the tension reading is taken directly in teims 
of intraocular pressuie Pei haps the foot plate is not cuived in the best form, 
pel haps the plungei should be larger oi smaller foi best lesults 

He stated that the peifect solution of the problem of determining the actual 
intiaoculai pressuie as a clinical test lies m the development of the best substitute 
foi manometiic determination, a solution which would lequire m combination a 
physiologist, a physicist and an expert mechanic skilled in the minute accuracies 
of the watch maker He said 

True, the Schiotz type of instrument is the most popular and does seem to be the most 
satisfactory, yet if as much time and effort were spent on study and use of the other general 
types, as represented by the Souter, the aplanation and the recoil tonometer, perhaps they would 
be found as good or better Harrington and Parsons are to be complimented for 

designing a new impression tonometer and for explaining its apparent superiority with broad 
consideration of the many obstacles incident to tonometry Such work as theirs requires the 
utmost patience, time and skill The instrument will be its own best critic 

once It has been tested thoroughly by critical clinicians This instrument is well worthy of 
trial before any objections are to be considered It is my hope that the findings of 

Harrington and Parsons will be substantiated and that the ophthalmologist will find that the 
new tonometer is all that it appears to be — superior not only to other impression tonometers 
but to other types of tonometers 

Mention has been made of the Souter®® tonometer This is a well balanced 
spring instiument about the size and weight of a fountain pen, simple in con- 
stiuction and in method of application It gives direct leadings which are taken 
with the patient upright Lloyd ® has stated that the accuracy of this instrument 
is not to be compared with that of the Schijzltz and the McLean, but that if readings 
with the patient upright weie desired his choice of instrument would be the Souter 
rather than the Bailhart Harrington declared that the spring element would tend' 
to introduce inevitable inaccuracies in the readings of a tonometer of this type 
Verhoeff,®^ on the other hand, has relied on the Souter tonometer for over twenty 
years He has stated that m the use of this instiument all variables pertaining to 
the eye other than the actual intraocular pressure become relatively unimportant, 
that this tonometer is more precise than the Schi^tz and that it gives a more accu- 
rate indication of the actual intraocular pressuie in the living eye than is usually 
obtained even by laboratory methods Verhoeff declared that, in addition to its 
greater accuracy, the Souter tonometei has two impoitant advantages over the 
Schi^tz instrument It is less dangerous to use fiom the standpoint of possible 
corneal abrasion and it is less objectionable to the patient The one disadvantage, 
he stated, rests in the difficulty of determining the amount of indentation of the 
cornea at which the instrument is to be read, but once one has acquired this ability 
by piactice there is less difficulty in making readings with this instrument than with, 
the SchijzStz 

23 Souter, W N Simple Tonometer for Clinical Use, Ophth Rec 25 80, 1916 

24 Verhoeff, F H The Souter Tonometer, Am J Ophth 20 720, 1937 
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When Ferree and Rand,-® m 1931, introduced and described an appaiatus \\hich 
they had constructed as a checking standard foi tonometers, they called attention 
to a definite shortcoming in connection with the clinical test of tonometry 

In a survey of the literature it is amazing to see how much work and ingenuity have been 
expended on the devising of tonometers of different kinds and how little attention has been 
given to means for checking them for constancy and uniformity of performance Theie 

seems to be no type of test or measurement in the practice of ophthalmology more acuteh 
in need of standardization than tonometry 

In 1942 Reese, with the evidence of his own expeiiences and those of Frieden- 
wald and Harrington and Parsons at hand, gave reemphasis to this situation 
saying 

There is a tendency among ophthalmologists to accept the readings of a tonometer without 
questioning the instrument’s accuracy, but tonometers should not be relied upon imphcith 
unless they have been checked and their accuracy or margin of error established 

The Schiotz tonometer is employed more than any other, and its mechanical accuracy is 
of the very first importance, since the nomogram, or chart by means of which the readings 
are converted into millimeters of mercury, is based on an instrument designed by Schiotz and 
having definite and precise specifications When we buy a Schiotz tonometer we are paving 
the price of, and expect to secure, an instrument of precision Unfortunately, such is usualh 
not the case 

Reese stated that checking stations for Schipltz tonoineteis weie established in 
Tubingen by Arnold, in Oslo by Schiotz and m Berlin by Comberg in 1923, 1925 
and 1928, respectively, but that we did not have such a checking station in this 
country until 1935 At that time, at the suggestion of Dr Mark J Schoenberg, 
a station was established at the Hermann Knapp Memorial Eye Hospital, New 
York, by Dr Adolph Posner During the several years this station functioned, 
Dr Posner checked about two hundred tonometers and found about one third of 
them to be incorrect, the majority of these were of American make Reese stated 
the belief that checking stations for tonometers should be conducted in this countr}’’ 
and that ophthalmologists should feel morally compelled to have their instruments 
certified at such stations ■' 

There is no gainsaying the fact that within recent years the efforts of Frieden- 
wald and of Harrington and Parsons have resulted in valuable contributions tov ai d 
the long sought goal of standardization As further evidence of the recognition of 
this need, a committee known as the Committee on Standardization of Tonometeis, 
consisting of Drs Adler, Friedenwald, Posner, Gifford, Kronfeld, Gradle and 
Harrington, was recently appointed on recommendation of the Council of the 
American Academy of Ophthalmology and Otolaryngology 

99 Lafajette Avenue 

25 Ferree, C E, and Rand, G A Checking Standard for Tonometers, Arch Ophth 
6 689 (Nov ) 1931 

26 Reese, A B Standardizing and Checking Tonometers, Am J Ophth 25 478, 1942 

27 A station for checking the accuracy of original Schiptz tonometers is maintained at the 
headquarters of the National Societ> for the Prevention of Blindness, 1790 Broadwai, New 
York In reply to an inquiry, the societv reported that at the present time this checking 
station IS the only one in the United States 

28 Tr Am Acad Ophth 47 138, 1942 
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JOHN MILTON GRISCOM, MD 
1881-1943 

J Milton Gnsconi ^^as bom in Salem, N J, Feb 23, 1881 and died June 5, 
1943, at the Pennsylvania Hospital, m Philadelphia While he had endured with 
foititude much suffering from a sinus and allergic condition foi seven ^ears, 
tlieie had been no evidence or suggestion of cardiovasculai disease His first 



JOHN MILTON GRISCOM, MD 
1881-1943 


attack came suddenly, on June 3 He was taken home and two da}s later was 
lemoved to the Pennsylvania Hospital, where he died that evening of coionary 
thrombosis He was the son of Walter Davis Gnscom and Mary Mcllvaine 
Bessett, members of the Society of Friends 

His early education was acquired at Friends’ School and the Swartlimore 
Piepaiatory School He entered Swartlimore College and graduated with the 
degiee of Baclielor of Science in 1902 His years at Swartlimore ^^ere always 
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pleasant memories His jovial maimei and musical talent as a inembei of the 
college glee club attracted many friends, who weie loyal thioughout the 3 ears 
It was here he met Maiy Lippincott, W’-hom he mained in October 1915 

Within a few w^eeks after he received his degree at Swarthmore, his father 
W'as appointed superintendent at Wills Hospital This fortunate coincidence was 
the deciding factor m young Griscom s medical career He w^as admitted to the 
medical school of the University of Pennsylvania and graduated wrth the degree of 
Doctor of Medicine m 1906 He then seived one yeai as intein at the Geimantoivii 
Hospital, in Philadelphia 

His caieer at Wills Hospital began as intein 111 1908 and continued foi a span 
of thiity-five years The staff at Wills during this period included such eminent 
men as Oliver, Posey, Zentmayei, Zieglei and Sweet, all members of the American 
Ophthalmological Society From these men he gained not only a thorough know- 
ledge of ophthalmic piactice and surgery, but a strict rule of ethics, wdiich he 
piacticed to the end He was assistant suigeon in 1910, attending suigeon in 1926 
and executive surgeon for the past seveial years 

In 1914 he w'as elected to the American Ophthalmological Society His inteiest 
and devotion to this societ}'^ was attested by his wmrk From 1929 to 1933 he 
served as editoi of the Tiansachons, from 1933 to 1937, as secretary-treasurer, 
and from 1938 to 1943 as member of council 

When the Graduate School of Medicine of the University of Pennsylvania was 
oiganized, Dr Giiscom was made associate professoi, and shoitly aftei professor, 
of ophthalmology He seived as consultant to the Jeanes Hospital, Philadelphia, 
and to the Builington County Hospital, at Mt Holly, N J He was a member of 
the Ameiican Medical Association, the Philadelphia County Medical Societ)', the 
Medical Society of the State of Penns\Ivania and the Ameiican Academy of 
Ophthalmology and Otolaryngolog)^ 

He w^as elected fellow of the College of Physicians of Philadelphia in 1912 
He served as clerk of the section on ophthalmology of this society and later as 
chan man During his eail}^ yeais he piesented a numbei of interesting cases and 
papers before this society Dr Griscom w'as not a frequent waiter, but he con- 
tiibuted freely of his time in lectures before the ophthalmic section of the Phila- 
delphia County Medical Society He was a member of Phi Kappa Psi fiaternity 
and the Union League 

He is survived by his wife, a daughtei, Mary Lippincott Ji , and a sister, 
Mis J Passmoie Elkinton Since his man lage he had lived in Moorestown, N J, 
where he took an active interest m the Friends’ School He was devoted to his 
family and enjoyed the comfort of his delightful home above all His lacation was 
usually spent at Buck Hill in the Pocono Mountains, wdiere for man}' 3 '^ears he 
enj 03 >’ed and played an excellent game of golf 

It was m}'^ privilege to know' Dr Griscom intimately since our initial meeting 
at a meeting of the American Ophthalmological Society at New London, Conn , 
in 1915 He w'as a gentleman, quiet in manner, unassuming and conscientious, 
and gave the best that was in him to the serMce of his patients 

Charles R Heed 



LESLIE J EATON, MB, ERGS 
1872-1943 

Leslie Patou died in London on May 15, after a long illness Bom in 
Edinbuigh, Scotland, in 1872, the second son of Janies Eaton, ELS, cuiatoi 
of pictuie gallenes and nuiseunis, he leceived his eaily education in the Glasgow 
high school and the University of Glasgow and at Cams College, Cambiidge Uni- 
veisity He giaduated fiom the medical school of St Maiy’s Hospital, London, 
with the degiee of Bachelor of Medicine, and leceived the qualification of Eellow 
of the Royal College of Suigeons in 1902 Eaton began his ophthalmologic 
studies as assistant to Henry Juler at St Maiy’s Hospital and succeeded him in 
the post of ophthalmic surgeon in 1911 He also woiked with Maictis Gunn, 
both at Mooi fields and at the National Hospital, Queen Squaie, and was appointed 
Gunn's successoi as ophthalmologist to the National Hospital in 1907, where he 
had the piivilege of following the teachings of that great neuiologist Hughlings 
Jackson Eaton had the double distinction of being chosen piesident both of the 
Neuiological Section of the Royal Society of Medicine and of the Ophthalmological 
Society of the United Kingdom As suggested by his tiaining, one of his piincipal 
interests was m ophthalmic neurology, and his chief, and most impoitant, contii- 
butions to ophthalmic hteiatuie were on neuiologic subjects, such as “The 
Pathology of Papilloedema,” in collaboiation with Goidon Holmes, “Optic Atrophy 
111 Tabes,” and his Mackenzie Memoiial Lectuie in 1937, “Demyelinatmg Diseases 
accompanied by Optic Neuritis ” His administrative capacity had full play in the 
important woik that he pei formed as tieasuier of the Intel national Ophthalmo- 
logical Council and as managing diiectoi of the BnhsJi Jownal of Ophthalmology, 
when he conducted the affaiis of that jouinal to safety in the difficult yeais after 
the fiist world war 

Leslie Eaton was tall and handsome, a kindly and stiong personality, thorough 
and earnest in his work, and his death is a great loss to ophthalmology and to his 
many fi lends As Dr Wilfred Haiiis^^ stated 

Leslie Paton made few, if any, enemies, though he was highly successful in piactice 
His brain was brilliant and analytical, but he took his time in making up his mind Though 
unknown personally to the piesent generation of students at St Mary’s he will be long 
remembeied by his fi lends and generations of past students for his teaching, his balanced 
mind, and his cheeiy disposition 

Arnold Knapp 

I was lesident medical officei at the National Hospital from 1907 to 1910 
inclusive, neaily foui yeais, duiing which time Mi Marcus Gunn and Mi Paton 
weie the attending ophthalmologists of the hospital Mi Paton made rounds once 
oi twice eveiy w^eek and taught the value of caieful study and the importance 
of small things His mteiest in oui first case of ipsilateial optic nerve atrophy 
and contialateial papilledema, occuirmg as a lesult of almeningioma of the sub- 
fiontal legion, was great, and his encoui agement led me to furthei studies on this 
and othei ophthalmic problems occuirmg in neurologic medicine 

jMr and Mis Paton w^eie exceedingly kind to me, almost giving me the lun of 
then house m Hailey Stieet Both of them lemained as Scottish as the “Kvles of 
Bute ’’ and then kind lives were illuminated always by then cheeiy hearts and 
pawkish humoi 

1 Leslie T Paton, Obituary, Brit M J 1 741 (June 12) 1943 
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I have seen Paton practical!)^ every year since my acquaintance with him and 

had the pleasuie of a long lettei from him last year, aftei his daughtei and son-m- 

law had paid us a week s visit m Bar Plarbor 

By his death the neurology of the eye has lost perhaps its most distinguished 

exponent, and I ha\e lost one of my closest friends „ 

Foster Kennedy 



LESLIE J PATON, MB 
1872-1943 


In the death of Leslie Paton, his family and friends have suffered an 
loss and ophthalmolog) has lost one of its outstanding memliers His kee 
and tenaciLs memory ga^e him a fund of information that vas most unusual 
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Eveiy one who visited Queen Square while he uas on duty could not but be 
iinpiessed with the sinceiity of his work and the meticulous and bioad manner m 
which he consideied his cases His ability as an organizer is well shown in the 
pait he played in the reoi gamzation of the International Congress of Ophthal- 
mology after World Wai I 

He was tiieless m his effoits, and all who \\ere associated with him appreciated 
fully his sinceiity and fairness in his methods of proceduie His steiling honesty, 
his calm demeanoi and his giasp of eveiy situation that piesented itself were 
gieatly admiied by all who were associated with him 

It was a gieat piivilege to know Leslie Paton and to become acquainted with 
his quiet, uniuffled nature and his wise counsel His death leaves a gap which 
cannot be filled, but all aie iicher foi the inspiration and example of his life 

Walter R Parker 



News and Notes 

Edited by Dr W L Benedict 


SPECIAL NEWS 

Leslie Dana Gold Medal Award — Dr Walter B Lancastei, of Boston, has 
been awaided the Leslie Dana Gold Medal This medal is awaided annually 
for outstanding" achievements in the prevention of blindness and in the conser- 
vation of vision The selection of Di Lancaster for this honor was made by 
the St Louis Society for the Blind, throug^h winch the medal is offered by Mr 
Leslie Dana, of St Louis, on recommendation of the Association for Research 
m Ophthalmology 

The conditions of the Leslie Dana Medal award set forth that it is to be 
made for “long mentoiious seivice in the conservation of vision in the pieven- 
tion and cure of diseases dangerous to eyesight, lesearch and instruction in 
ophthalmology and allied subjects, social service for the control of eye diseases, 
and special discoveries in the domain of general science or medicine of excep- 
tional importance m conservation of vision ” 


Notice 


If the demand is sufficient, the Ameiican Medical Association Pi ess will repiint 
the senes of lectures by Prof Alfred Bielschowsky on Motoi Anomalies of the 
Eyes, which was published m the December 1934 issue of the Archives page 805 
and in the January, April and May issues of 1935, pages 33, 569 and 751 

A form IS printed below foi the convenience of those who wish to oidei the 
reprint The price will depend on the numbei of reprints ordered, but it mil not 
exceed $2 50 


TEAR OFF ON THIS LINE 


Please send me leprints of series of ai tides by Pi of 

Bielschow sk)^ Lectures on Motor Anomalies of the Eyes 


Alfied 


Name 


Address 
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ABIE’S SYNDROME 

To ihe Editoj — Di Rooks’s article “Adie’s Syndrome/’ m the June issue 
(Arch Ophth 29:936, 1943) suggests that all cases of this syndrome “be 
iDrought to the attention of the medical piofession with as much publicity as 
possible ” I am m complete agreement with this idea, and I assume that if this is 
the purpose of the report, the cases which are described should be typical of the 
syndrome, should not be unusual and misleading vaiieties, should be carefull}. 
completely and fully worked up, and should leave no doubt m the reader’s mind 
as to just what the Adie syndrome is I am awaie that in conclusion the authoi 
states 

these 2 cases are offered for their clinical and scientific importance, with the hope 
that further interest in the study of Adie’s syndrome may be stimulated, but my limited 
knowledge of the fundamental nature of this disorder warrants no specific conclusions 

The fii St case presented was that of a man aged 44 A definite history of head 
injury was noted eighteen months and inequality of the pupils eight weeks piioi 
to examination 

The left pupil was 5 5 mm in diameter and firmly fixed Prolonged exposure to 

bright artificial light or to direct sunlight failed to produce any change whatever in the size 
and shape of the left pupil, nor did its size and shape change after the patient remained in a 
completely dark room for thirty minutes The left pupil remained dilated and abso- 

lutely inactive to light and accommodation 

These many statements require elucidation, for the findings are atypical of 
Adie’s syndrome and serve to confuse, rather than to clarify, the clinical pictuie 
It has been pointed out (and by men to whom the author refers, viz , Adie, 
Saenger, Strasburger and Behr) that the most consistent, the most easily lecog- 
nized and for diagnostic purposes the essential feature of this syndiome is the 
behavior during and after convergence The author states that the myotonic pupil 
may be “incompletely or entirely mdiffeient to convergence and to accommoda- 
tion ” Such a response is an exception to the rule, and in Alajouanme and 
Morax’s review of 100 cases this was laiely reported' 

Dimmer, Behr and Lowenstem stated (and it is now established) that the 
second most characteristic feature of the syndrome is dilatation of the Adie pupil 
when the patient remains in darkness for one hour and that when the patient 
comes out into the light a sluggish conti action of the pupil occurs aftei an interval 

Most cases of the Adie syndrome occur in young persons, and most of the 
patients are highly emotional — case 1 fulfils neither of these requirements 

In the second case outstanding disci epancies are the patient’s age, the absence 
of the characteristic delayed reaction to convergence and the pronounced pupillary 
iriegularity Again, a question arises as to the bilaterahty of the syndrome 
inasmuch as the left pupil was 3 5 by 2 5 mm and reacted “well both to light and 
in accommodation ” Since the Adie syndrome is one of “mid in} driasis,” with no 
normal reaction to light or to accommodation, this statement is contested, espe- 
ciall} since Behr asserted that “a pupil not more than 3 mm in diameter is nevei 
an Adie pupil ” 

:\Ian} other tests and features might have been used to claiify the syndrome, 
such as tests of accommodation, fatigue of accommodation, supenmposition of 
comergence on accommodation and its effect on size of the pupils The reaction 
to vaiious drugs, such as mecholyl, strjchnine, cocaine and physostigmine, as 
pointed out by Cogan, Adlei, Kyrielies and Lowenstem, might add certainty to 
the diagnosis A history of vasomotoi changes and emotional disturbance and 
a study of other ocular reflexes might also be considered 

I lieheve every case of this syndrome should be reported and completely worked 
up and if such reports aie for the benefit of the “medical piofession ” then tvpical 
rather than atypical foims of the disease should be levle^\ed 

Ewaxuel Rosnx, Captain M C , A U S 
5 S3 



Abstracts from Current Literature 

Edited by Dr William Zentmayer 


Anatomy and Embryology 

Functional Representation in Oculomotor and Trochlear Nuclei M B 
Bender and E A Weinstein, Arch Neurol & Psychiat 49*98 (Jan) 1943 

The aiticle deals with localization of function in the cell masses of the oculo- 
motor nucleus Electric stimulations and lesions were made in the ociilomotoi 
and trochlear nuclei of monkeys The experiments indicate that individual oculai 
muscles are functionally represented within the ipsilateral oculomotor nucleus, 
w hile the superior oblique muscle is governed by the contralateral trochlear nucleus 
The dorsoventral and rostrocaudal arrangement of functional representation of the 
ocular muscles is as follows (1) sphincter pupillae, (2) inferior rectus, (3) 
ciliary ( ^) , (4) inferior oblique ( ^) , (5) internal rectus, (6) superior rectus, 
(7) levator palpebrarum , (8) superior oblique (contralateral) -n 


Conjunctiva 

Membranous Inelammation of Oropharynx, Nose and Conjunctiva Due to 
SULPHATHIAZOLE ADMINISTRATION I M ScHNEE, Blit M J 1 506 
(April 24) 1943 

The following case is reported as evidence of an unusual type of toxic reaction 
from therapy with a sulfonamide compound The reaction consisted in inflamma- 
tion involving the conjunctiva, nose, pharynx, mouth and larynx, with the develop- 
ment of a membrane There was rapid recoveiy on discontinuance of the 
chemotherapy 

The patient, a soldiei 28 yeais of age, had been tieated wuth sulfathiazole 
(2-[paraaminobenzenesulfonamido]-thiazole) for an infection of the upper respiia- 
toiy tract After he had received about 18 Gm tlie symptoms seemed to be 
leheved and treatment was stopped On the fifth day of chemotherapy the eyes 
became inflamed and a discharge Avas present, then the mouth became very sore 
and the lips ciacked The fever lecurred, and the patient w^as sent to the hospital 
The lids w^ere swollen with a smooth, thick, w'^ell foinied giay membiane which 
left no bleeding surface when peeled otf but reformed within a few hours The 
coinea w^as not involved A similar condition was found in the mouth and tin oat 
Smears and cultures were negative except for staphylococci On the patient’s 
1 elapse, sulfathiazole treatment was renewed When the condition of the eyes 
and throat became worse, at the suggestion of Lieut Col Dei rick T Vail use of 
the drug was discontinued The patient rapidly became well 

Arnold Knapp 

Congenital Anomalies 

Anomalous Processes of Ciliary Type on Posterior Sl reach or Iris 
S Gartner, Am J Ophth 25 854 (July) 1942 

Gartner gives the followang summary 

“Twenty-six cases are reported of anomalous processes on the posterior suriace 
of the ins They closely resemble the ciliary processes, from which they are 
separated by normal ins tissue The anomalous processes are fetal remains of 
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tissue which usually disappeai by the time of birth Their presence can assume 
practical importance m complicating an iiidectoni)'’, m as much as they may cause 
mci eased hemoirhage and postoperative reaction” 5 Reese 


Displacement of Ciliary Processes to Posterior Surface or Iris S 
Gartner, Am J Ophth 25:858 (July) 1942 

Gartnei gives the following summary 

"Partial displacement of ciliary processes to the posterior suiface of the ins 
IS a common variation from the normal This is explained by the embryology of 
the ciliary piocesses Its importance m iridectomy is discussed ” 

W S Reese 

Cornea and Sclera 


Case or Bilateral Interstitial Keratitis Leading to Blindness J D J 
Freeman, Bnt J Ophth 27 : 104 (March) 1943 

The patient was a stoker aged 19 The morning after a "blitz” during which, 
without incurring injury, he noted a "very blight flash,” the left eye became inflamed 
Examination showed beginning interstitial keratitis In about six weeks the eye 
was shi unken and blind There was panophthalmitis, and the cornea had evidently 
perforated The eye was excised About eleven weeks fiom the time the left 
eye became inflamed, interstitial keratitis developed in the right eye 
was an opaque cornea, a soft eye and vision equal to light perception 
inann reaction of the blood was strongly positive The treatment was directed 
to the syphilitic infection, and later a course of tuberculin was given The author 
describes the case as one of veiy seveie congenital syphilitic infection of the eyes 
starting as interstitial keratitis and going on to bilateral gummatous mfiltiation 
of the uveal tract and loss of both ejes , Zentmayer 


The outcome 
The Wasser- 


Contact Lens in Cases or Neuroparalytic Keratitis M Klein, But J 
Ophth 27:221 (May) 1943 

After an operation for an acoustic tumoi on the right side the patient had 
complete palsy of the right facial nerve and trigeminal anesthesia Neuroparalytic 
keratitis developed, foi which a tarsorraphy was done After a yeai, though the 
lids weie still sutured, the condition of the eye seemed hopeless In August 1942 
the patient was fitted with a contact lens Rapid improvement followed, and within 
two or three iveeks the eye became white and the cornea cleared considei ably 
except at the cential aiea, where a dense scar lemamed In November 1942 
the patient broke the contact lens, within a few hours the eye became inflamed 
and the following day the infiltration w^as extensive A new glass was supplied, 
and wnthin a w^eek the eye quieted down 

In a second case, m wdiich neuropai aly tic keratitis developed, with involve- 
ment of the cornea, after an alcoholic injection for trigeminal neuialgia on the 
light side, a contact lens gave an equally good result 2 


General Pathology 

Pathology or Cholesterin and F\t Deposition in Mustard G^s Injuries 
OF THE CoRNE\ I IMann and B D Pullinger, Brit J Ophth 26- 503 
(Nov ) 1942 

In a pievious paper Mann and Pullinger showed that, of expeiimentally 
pioduced mustard gas lesions of the eyeball, central corneal lesions healed 
w ithout 1 asculanzation ot the cornea and did not lead to deposition of cholesterol 
or fat m the scars It is therefore considered that the essential factor m this 
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degeneiation is previous vascularization of the cornea In some cases the vasculari- 
zation was superficial, this type \\as never followed by deposition of fat or 
cholesteiol In other cases the vessels penetrated the substantia propria, vith 
sepal ation of the lamellas by edema fluid ahead of the invading vessels These 
deeper vessels showed extremely bizarre shapes and irregular caliber and extended 
in the form of tips or pointed ends, in which no movement of blood could be seen 
The pattern varied from day to day, ah\ays extending farther into the cornea 
and always accompanied by edema The arrangement of bulbous ends and right- 
angled branches suggested so-called Bowman canals As the vessels retrogressed, 
in a lelatively small number of cases a deposit of fat and cholesterol was formed 
beyond their disappearing tips It was noticed that the series of eyes which 
received treatment showed a much higher percentage of degenerative scars than 
did those m which the lesion was alloA\ed to run its usual self -limited course 
The lipoids occur m two forms, as exceedingly fine droplets, like an emulsion, 
bathing the fibiils of the substantia propria and as larger intracellulai globules 
and crystals having the characteristics of esters of cholesterol 

W Zentmayer 

Glaucoma 

Operation for Congenital Glaucoma O Barkan, Am J Ophth 25 552 
(May) 1942 

Barkan presents the following summaiy and conclusions 

“In this paper the lesults of operations on 17 eyes with congenital glaucoma 
are reported Pressure vas normalized in 16 of the 17 eyes, visual function was 
maintained in 14 Of the three blind eyes brought to operation, vision was lost 
in two before surgery \ias instituted In only one case did operation fail to 
noiniahze the pressure in time to save vision Sight was preserved in the fellow 
eyes of these thiee infants so that they were saved fiom blindness The average 
age at time of operation w^as three months From one to five years have elapsed 
since the operations were performed On the basis of the successful results and 
of pre- and post-operative gonioscopy, certain conclusions are arrived at in regard 
to the underlying pathology and to the mode of action of the operation It appears 
that the majority, if not all, binocular cases of congenital glaucoma are due to a 
developmental obstruction in the excretory angle wdiich, wdien removed, permits 
outflow of aqueous into the canal of Schlemm The canal is found to be present 
and ready to function in the large majority of cases in wdiich the diagnosis is 
made at a sufficiently early age, before piolonged distention of the eyeball has 
obliterated the canal Earl} diagnosis and early operation are therefore urgently 
indicated The operation gives a high promise ot permanent success wnth a 
remarkable degree of safety and without disfigurement ” S Reese 

The Practical Applications of Gonioscopy to Glaucoma Surgery H S 
Sugar, Am J Ophth 25 663 (June) 1942 

Sugar discusses the practical aspects of gonioscopy m operations for glaucoma, 
his classification of glaucoma and the clinical picture of acute glaucoma -He 
briefly review's the diflrerent operations for glaucoma and their indications and 
efficac)', especially from gonioscopic observations S Reese 

Glaucoma T H Butler, Brit J Ophth 27* 116 (Maich) 1943 

This is a lecture on glaucoma given during the course for the 
ophthalmology at the University of Oxford It is of sufficient interest to le no 
as man} of the views expressed are heterodox but debatable 

W Zentmayer 
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Injuries 

Eemoval of Small Magnetic Foreign Bodies from the Eye Eighteen 
Months After the Date of Injury H Neame, But J Ophth 27:226 
(May) 1943 

The patient was admitted to the hospital because powdered chalk had entered 
Ins eye There was a history of injuiy to the eye eighteen months before while 
he was knocking off the head of a sciew with a hammer and chisel There weie 
a corneal scar to the nasal side and a daik rust-coloied nodule on the ins behind 
the scar The foreign body was freed fiom the ins and then lemoved through 
a keiatome section 

The case is reported as an indication that minute magnetic foreign bodies 
may be retained foi a considerable peiiod without setting up appreciable siderosis 
The article is illustrated Zentmayer 


A Case of Multiple Intra-Ocular Foreign Bodies RAD Crawford, 
Brit J Ophth 27: 227 (May) 1943 

The patient was stamping out steel an plane parts on a hand press when he 
felt a sting in the right eye There was a small perforation wound above the 
center of the cornea, with a track of a foreign body thiough the lens In the 
vitreous theie were a fine glistening foreign body about 3 mm long lying anteno- 
posteriorly with one end in the center of the disk, a smaller foieign body at 6 
o’clock at the bottom of the vitreous and two minute foreign bodies m the vitreous 
near the macula The largest foreign body was found weakly magnetic when the 
Haab magnet was used undei direct ophthalmoscopic observation The magnet 
was used once oi twice a day for two weeks, at the end of which the body 
came clear of the disk Aftei a rest of ten days, the magnet was applied on two 
successive days, the foieign body came into the anterioi chambei but returned 
through the pupil when the current was turned off It was removed through a 
keratome section by hand and giant magnets 

It IS suggested that less damage was inflicted than wmuld have resulted from 
employment of the posterior route Zentmayer 


Orbit, Eyeball and Accessory Sinuses 

Surgical Treatment of Vascular Diseases Altering the Function or 
THE Eyes A W Adson, Am J Ophth 25 824 (July) 1942 

This aiticle deals mainly with pulsating exophthalmos, but aneurysms of the 
chiasmal region and angiomatous tumors aie briefly discussed, particularly with 
regard to then surgical management -^y g Rej^se 

Diabetes Insipidus and Other Unusual Complications of Acute Purulent 
Sinusitis Clinicopathologic Study of a Case J C Yaskin, F H 
Lewey and G Schwarz, Arch Neurol & Psychiat 48. 119 (July) 1942 

The authors leport the case of a 21 year old man wdio showed osteitis of the 
light lesser wing of the sphenoid bone as a complication of puiulent sinusitis 
The inflammation spiead acioss the sella turcica and gave rise to changes in the 
optic nerves Aftei opeiation on the sphenoid sinus there developed successively 
subaiachnoid hemoiihage, basilai meningitis and involvement of the floor of the 
thud \ enti icle, uith conse<juent diabetes insipidus and changes in the cerebrum 
uhich eientuall} led to generalized convulsions, high fever and death 
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Optic neuritis is not a rare complication of disease of the sphenoid and ethmoid 
sinuses, although there are observers who believe that retrobulbar neuiitis is 
larely, if ever, due to disease of the paranasal sinuses In this case it was a 
striking feature in that the optic nerve atrophy developed during the period of 
observation in the hospital, m the course of a few days, undoubtedly as a result 
of the local inflammatory piocess around the optic chiasm and optic nerves 

R Irvine 


C L C 0’M\lle\, Blit J 


Orbital Emphysema Simulating Cellulitis 
Ophth 27:222 (May) 1943 

A case is described of severe proptosis, endangering the eye, which followed 
a stab wound made by a football player’s finger A slight hemorrhage from the 
eye and left nostril was followed by closure of the eye Proptosis began on the 
third day The cornea became opaque and sloughed at the exposed area There 
was marked chemosis, and the eyeball was stony hard The symptoms were indis- 
tinguishable from those seen in orbital cellulitis An evacuation operation deter- 
mined that the proptosis was due to gaseous accumulation in the orbit The eye, 
wdnch looked a total loss, made an almost complete recovery 

To the author the most likely explanation is that the finger made a valvelike 
opening in the orbital plate of the ethmoid bone, which allowed air under pressure 
to enter the orbit Zektmayer 

Parasites 


Removal of Filaria Worm from Eye M C T Reilly, But M J 1 103 
(Jan 23) 1943 

A middle-aged officer vho had spent consideiable time in Nigeria requested 
that a filaria be taken out of his right eye There was marked injection of the 
conjunctiva, and a worm could easily be seen wriggling underneath towaid the 
outer canthus By the time the patient reached the hospital the worm had dis- 
appeared, but 111 half an hour it appeared again in the fornix of the lower sac The 
eye was cocainized, and after a small incision was made the worm was seized with 
a forceps Recoi^ery was uneventful The worm measured 32 mm The patient 
had been in England four years since his seivice in Nigeiia While there he 
twice had woims removed from his right eye and once suffered fiom typical 
“Calabar swellings” on his wrist Otherwise his health had been good 

Arnold Kn\pp 


Filaria Worm in the Eye E A Chartres, Brit M J 1 269 (Feb 27) 1943 

The writer says that forty years ago, when he was in northeast India, vorms 
in the eyes were common in horses It was necessary to immobilize the horse, 
cocainize the eye and wait, while kneeling on the horse’s neck, for the v orin to 
appear in the anterior chamber , then a knife was plunged slantwise into the 
anterior chamber and the worm extracted The worm frequently measuied from 
to 2 inches (4 to 5 cm ) The eye was always inflamed and the cornea opaque 
with a milky fluid, but cleared up after a few days The condition if not discovered 
will destroy the eye 

In Nigeria, filarias are common, and the writer himself, while there, ^vas 
sufferer from a Yorm in the eye, which sometimes caused him inconvenience 
He had frequently seen it wriggling in his eye and undei the skin of the temp 
The trouble lasted six years 

The worms are also common in antelopes 


Arnold Kna.pp 
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Retina and Optic Nerve 

Marginal Haemorrhage on the Disc Partial Cross Tearing or the 

Optic Nerve, Clinical and PIistological Findings A Loewenstein, 
Bnt J Ophth 27:208 (May) 1943 

A man aged 38 was injured by a nail which fell on the right eye from a con- 
siderable height A pel f orating wound was found m the sclera at 4 o’clock, 
2 mm from the limbus There were hyphemia and marked hypotonia Visual 
acuity equaled seeing of fingers at 0 5 meter On clearing of the media a clear 
arcuate band was visible at the temporal margin of the disk from 11 to 7 o’clock 
The bieadth was approximately that of a central vein Later three fine radialH 
stiiated hemorrhages were present about the disk The field of vision showed 
concentric contraction Judging by the histologic structure of the normal retina 
the author concludes that the red crescent was caused by the bleeding within the 
sheaths of the optic nerve, subdural or subarachnoid, vith infiltiation of Elschnig’s 
border tissue 

Studying the histologic material of excised eyes at the Tennent Institute, 
Loewenstein found 3 instances of partial cross rupture of the optic nerve at the 
insertion of Bruch’s membrane among a relatively small number of eyes examined 
The tears ocurred in three different conditions trauma, hemorrhagic glaucoma and 
expulsive hemorrhage All 3 occuried exactly at the inseition of Bruch’s mem- 
brane The} were produced by instantaneous, probably arterial, subretmal 
bleeding 

The article is illustrated Zentmayer 

Trachoma 

Trachoma Its Prophylaxis in Argentina J A Sena, Semana med 49* 
1520 (Dec 24) 1942 

According to Sena, about 15 per cent of the population of the world have 
trachoma No country m the world is entirely free from it It is a disease of 
poverty, promiscuity, unhygienic living conditions and poor food The diagnosis 
is difficult Numerous diagnostic aids have been suggested, such as the comple- 
ment deviation test, examination for eosmophilia, the phytotoxin test of Macht, 
the lysozyme titer in the lacrimal fluid, Abderhalden’s reaction and the Weil-Felix 
reaction, but none of these have fulfilled the hopes placed in them The diagnosis 
is chiefly clinical and is based on the presence of follicles in the tarsal portion 
of the conjunctiva, the presence of pannus, the appearance of cicatrices and 
palpebral and tarsal alterations such as entropion and trichiasis The treatment 
is local as well as general Measures which aim at improvement in the general 
health should not be neglected For the incipient forms of trachoma in children 
mild eyewashes of zinc or copper sulfate are used The therapeutic armamentarium 
against the more severe forms includes copper sulfate, silver nitrate, chaulmoogra 
oil and mercuric cyanide Physical methods include cauterization and diathermic 
coagulation Mechanical methods, such as massage, brushing and curettage, aim 
at rapid destruction of the trachomatous follicles Biologic methods occasionally 
used are autoserotherapy and vaccine treatment Cicatricial trachoma requires 
surgical treatment Opinions are divided as to the efficacy of the sulfonamide 
compounds They are of great value in the complicated forms The disease is 
most prevalent and is practically endemic in the northern and subtropical parts 
of Argentina, ^^here it is favored by climatic, social, sanitary and economic con- 
ditions It is not autochthonous for these regions but w as brought in by immi- 
grants, chiefly from the Mediterranean countries Trachoma of children is best 
combated in the schools This has been done in recent years nith the aid of 
visiting nurses Ophthalmologic dispensaries should provide free treatment for 
adults Since 1936 the national department of health has provided antitrachoma 
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diugs for the dispensaries and schools Mobile medical ambulances would be 
helpful in bringing treatment to patients in the rural legions Popular publica- 
tions, illustrations and moving pictures are A^aluable in disseminating information 
.egardmg the prophylaxis of the disease j a M A (W Zkntmayee) 


Tumors 

Intracranial Dermoid and Epidermoid Tumors J Martin and L Davis 
Arch Neurol & Psychiat 49 56 (Jan ) 1943 

The definition of epidermoid and dermoid tumors is interesting because of 
their frequent occurrence about the eye This article deals with intracianial dermoids 
and IS summarized as follows 

“1 An epidermoid tumor is a benign neoplasm, arising from an embiyonic 
inclusion, or nest of cells The tumor consists of epidermal cells m various stages 
of disintegration, togethei with variable proportions of crystalline cholesterol 
This tumor, containing cellular components only from the epidermis, should not 
be confused with cholesteatoma, which is a product of chronic inflammation 

“2 A del mold tumor is a benign neoplasm, arising from an embryonic 
inclusion or nest of cells, the contents of which may represent part or all of the 
derivatives of the ectoderm 

“3 A teratoid tumor contains representatives from the ectoderm and either 
one of the other two germinal layers This tumor bridges the gap between the 
true dermoid and the true teratoma, which contains components of all three 
germinal layers 

“In most large series of verified tumors epidermoids are four times as common 
as dermoids, but in our own group of over 700 verified intracranial tumors this 
proportion is leversed 

“Epidermoid and dermoid tumors may become manifest at any age, and they 
do not show any particular relationship to sex, trauma or other incidents in the 
medical history 

“The dermoid occurs at many different intracranial sites, but is frequently 
attached to the dura mater, is commonly seen in the midline and most often lies 
below the tentorium cerebelh The epidermoid is piactically always located in the 
cerebellopontile angle 

“Erequently roentgenograms reveal local erosion of bone in the skull, with an 
area of sclerotic bone immediately suriounding the eroded area, and within the 
eroded space flecks of calcium may be visible Such lesions should not be regarded 
as infallible evidence of the piesence of an intracranial epidermoid or deimoid 
tumor, since other intracianial tumors may pioduce the same roentgenologic 
changes 

“These tumors may be operated on successful!}’’ In all 5 of our cases the 
patient has completely recovered from the operation Two patients who were 
not immediately relieved of all their neurologic symptoms were gieatly improved 
immediately after operation and are still improving ” Irvine 
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Congenital Ptosis ’ Factors Which Indicate Necessity for Varied Surgical 

Procedures Dr Edmund B Spaeth, Philadelphia 

Pronounced differences in the iollowing factors are chai actenstic of congenital 
ptosis (a) the degiee of involvement of the levator muscle, (&) the umlaterahty 
or bilaterality of the condition, (c) the presence and degree of accompanying 
involvement of the superior rectus muscle, and (d) the more extensive compli- 
cations, such as the jaw-winking reflex and the retraction syndrome The age 
and the conditions associated with age at the time the patient appeals for operation 
are also factors 

The variability of these factois indicates conclusively that no single operative 
pioceduie can correct inoie than one set of conditions The fact that so many 
opeiations have been devised for ptosis is proof of this, and not an indication 
of general dissatisfaction with all forms of surgical tieatment of ptosis, as has 
lepeatedly lieen stated The mechanical difficulties connected with elevation of a 
ptotic Iid cannot be solved by any single operation Success means that the patient 
must have a good functioning hd , i e, it must lift satisfactoiily and close 
noimally, and in downwaid gaze the maigin of the lid must follow the movement 
of the cornea The winking leflex must be normal, and the patient must have a 
good orbitopalpebial fold These requirements can be met most closely by 
careful study of each case The surgical pioceduie which best meets the most 
impoitant lequiiements in the case under consideration is the one to be used 

DISCUSSION 

Dr Bernard J Larkin, Indianapolis Dr Spaeth’s able presentation has 
coveied the subject so well that there is nothing to add The fine organization 
of his mateiial makes it easy to follow^ him to his conclusions He has properly 
placed congenital ptosis, and this is sufficient reason for appreciative consideration 
of his lesearch 

He has stiessed the impoitance of early diagnosis and treatment, for in 37 
pei cent of the cases in his senes factors other than epicanthus and ptosis w^ere 
piebcnted He suggests that the use of crutch glasses aftei atropine refraction wall 
assist the child in o^ercomlng these complications, so that operation may be 
postponed until he is 4 or 5 }ears old , that not infrequently paralysis of the superior 

'561 


562 


ARCHIVES OF OPHTHALMOLOGY 


rectus muscle is of equal importance in production of complications of ptosis which 
are more serious than the cosmetic blemish, and, that the anatomic classification 
decides the surgical procedure He emphasizes the fact that one operatne 
procedure will not coirect all forms of ptosis 

He classifies ptosis into nine forms On first impiession it ma} seem that 
several of these types aie similar, but after caieful analysis one must agree with 
Dr Spaeth that sufficient conditions exist foi such a diffeientiation Moreover 

this classification becomes especially significant in analysis and piesentation of 

the cases illustrative of the various t3fpes For example, in cases of t}pe 1, 

unilateral ptosis without involvement of the superioi rectus muscles, of t)^pe 5, 

unilateral ptosis with weakness of both superioi rectus muscles, moie pio- 
nounced, however, on the homolateial eye, and of type 8, ptosis associated with 
the Duane retraction syndioine, shortening of the levatoi muscle with partial 
tarsectomy is the ideal piocedure In cases of type 7 recession of the inteinal rectus 
muscle may correct this letraction s)mdrome as well as the ptosis, however, it 
this piocedure is not sufficient, advancement of the levator muscle without 
taisectomy will probably correct the condition Other surgical procedures weie 
necessar}’- in cases of type 5, in which a recession of the overacting right infenoi 
oblique, recession of the left inferior rectus and advancement of the left superioi 
lectus muscle veie done This illustrates the advisabiht)’' of early operation on 
the extraoculai muscles, before the ptosis is corrected 

“Utilization of the superior rectus muscles has a narrower field of indicatabihty 
and permissibiht}'’ ” Dr Spaeth seems to be the first to advocate still furthei 
uarioving of the utilization of the superior lectus muscles in cases of bilateral 
ptosis by use of a Shoemaker or Kirby modification of the Motais operation In a 
former paper he set forth his reasons for this opinion The postopeiative caie of 
patients undergoing operation on the superior rectus muscle is also more demand- 
ing and exacting than that of patients undei going operation on the levatoi muscle 
Utilization of the occipitofrontalis muscle, when indicated, is a good procedure 
to follow, as the author has shown Foi type 2, unilateral ptosis with involvement 
of the homolateral superior rectus muscle, and for type 4, bilateral ptosis with 
involvement of the superior rectus muscles, the Tansley-Hunt procedure is chosen 
while for type 6, ptosis with more oi less complete paralysis of the third nerv^e, and 
even of the sixth nerve, the Reese proceduie is indicated Foi type 7, ptosis with 
the classic jaw-wmkmg reflex, a levator tenotomy is first performed, and later 
a Reese attachment of the orbicularis to the occipitofrontalis muscle is earned out 
The enlarged epicanthus which occurs m children with bilateral ptosis should 
not be operated on until the child is older as the condition frequent!) adjusts 
itself when the adult facial growth is reached However, m exceptional cases the 
Giffoid technic is the method of procedure 

I have touched on only the points m treatment of congenital ptosis that seem 
to me to be most striking and pertinent 

In conclusion, I should like to repeat Di Spaeth’s closing plea foi earlier 
diagnosis and for as early treatment as is possible m the individual case 

Dr Edmund B Spaeth, Philadelphia The portion of the paper which I 
could not read because of limitation of time contains a discussion, m very frank 
detail, of how I feel with regard to various surgical indications and their applica- 
tion For instance, I do not feel that the occipitofrontalis procedure is permissible 
except m cases of cicatricial ptosis m adults or of cicatricial ptosis m children with 
complete paralysis of the levator muscle 

The jaw-v inking reflex has been badly managed by most neurosurgeons It 
is unfortunate that patients with this complication reach the neurosurgeons, for they 
become neurosurgical problems for the rest of their lives It is a simple procedure 
to convert this type of ptosis into complete paralysis and then carry on from there 
b} means of Reese’s method of attachment of fibers and cicatricial bands from 
the orbicularis to the occipitofrontalis muscle 
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Management of Iridocy clitic Secondary Glaucoma Dr F Bruce Fralick 
and Dr James H Cooper and Dr Richard Armstrong (by invitation), 
Ann Arbor, Mich 

A survey of 1,282 consecutive cases of iridocyclitis levealed that in 261, or 22 
pel cent, secondary glaucoma was present or developed while the patient was 
under observation The ratio of females to males with glaucoma was approximate!} 
2 1 The highest incidence fell in the sixth decade of life, the mean age was 
53 years, the youngest patient was 20 years and the oldest 76 years of age 
The cause of the iridocyclitis associated with glaucoma was not definitely proved 
in any instance, but in ovei one half of the cases, a definite focus of infection was 
found 

Of the 261 eyes that had secondary glaucoma, 69 were treated medically as 
a primary procedure This type of treatment was earned out over a sufficient 
period to make possible evaluation of the results Administration of miotic drugs 
was tried in 21 eyes with more oi less quiescent iridocyclitis However, the tension 
was reduced to normal in only 6 eyes Homati opine oi ati opine was used in 46 
eyes showing acute oi subacute uveitis, with reduction of tension to noimal m 
only 17 The tension of 2 eyes was not made normal with either atropine or 
pilocarpine 

Paracentesis was pei formed on 58 eyes showing some degree of active uveitis 
It was surpiismg to find that noimal tension was obtained m only 25 eyes without a 
more radical surgical proceduie In only 6 of these 25 eyes was paiacentesis repeated 
more than once when it was the only operation necessary This may suggest 
that some other procedure might better be utilized if paracentesis fails on two 
occasions 

In a summary of 60 cases in which iridectomy was done as an initial or as a 
final measuie, it was found that in 43, or 71 6 per cent, the operation was successful 
and in 17, or 28 3 per cent, it failed On the whole, gratifying results in cases of 
glaucoma secondary to primary iiidocyclitis are obtained with iridectomy when 
the procedure is indicated because of failuie of medical therapy or the conseivative 
method of paracentesis 

A single trephination was done on 15 eyes The intraocular tension was reduced 
to normal in 9 of these eyes, and none showed any activation of the iridocyclitis 
Trephination was the initial operation in 8 instances, m 4 of which it was successful 
The trephine opeiation had been preceded by single or multiple operations of 
other types on 5 of the 9 eyes in which it apparently controlled the tension In 4 
instances trephination was preceded by iridectomy and in 1 by paracentesis 

Miscellaneous operations were performed, usually as a last resort, m a number 
of cases in which the prognosis was very poor or other operations had failed We 
were surprised to find 23 successes and 14 failures in this group Cyclodialysis was 
done on 18 eyes in a quiescent state, and in 10 eyes the tension was reduced to 
normal during the period of observation Two transfixions of the ins for trts homhe 
were successful, and 1 failed Twelve combined extractions for cataract complicated 
by iritic glaucoma resulted in normal tension in 9 eyes Indenclesis as the primary 
procedure was successful in 2 eyes and failed in 2 eyes after trephination 

Sixt} -seven eyes of this senes were enucleated The condition of 35 was hope- 
less, and enucleation was the primary procedure Eight other eyes were considered 
hopeless, but at the request of the patients, medical therapy was tried, without 
success, foi a short period before enucleation On the lemaimng 24 eyes one or 
more surgical procedures were carried out before the condition was given up as 
hopeless 

DISCUSSION 

Dr Peter Kronfeld, Chicago One of the many annoying and exasperating 
featuies of indocyclitic secondary glaucoma is the extreme variability and irreg- 
ularity of the disease If in a case of iiidocyclitis the intraocular pressure becomes 
elevated, it is difficult to predict whethei this condition uill be just a brief episode 
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01 whether it will prove to be permanent secondary glaucoma, lesistaut to all 
forms of medical and surgical therapy at one’s disposal E^en the gonioscopic 
findings do not alvays enable one to tell \Mth certainty whether tlie anatomic 
alterations m the angle of the anterior chambers are such that the function of the 
normal channels of outflow is permanently or ii reparably impaired Thus, m cases 
of indocyclitic secondary glaucoma one has to act from day to day, or rather from 
week to week, since with the one exception of seclusion of the pupils with 
bombc, no situation associated with indoc)fclitic glaucoma calls for immediate 
surgical action The well known tolerance of the human eje to such elevations 
of intraocular pressure and the possibility that nature will come to one’s help 
justify the conserAative attitude which is so veil expressed by the term “sitting 
tight ” 

I have seen several cases of more or less quiescent iridocyclitis m vhich an 
elevation of intraocular pressure, despite intensive medical treatment, peisisted for 
as long as eight months and then subsided, with hardly any peimanent loss of 
visual function The experiences of my associates and m 3 ’'self at the Illinois Eye 
and Ear Infirmary are in agreement with those of Dr Fralick In treatment of 
glaucoma associated vith quiescent iridocyclitis, cj’^clodialysis has in our hands 
scored more successes than a tiephme operation The difference, howevei, is 
not great enough to permit the statement that cyclodialysis is the most suitable 
operation for this type of glaucoma, nor do we have any data, gonioscopic or 
clinical, which enable us to tell beforehand which of the two operations, trephination 
or cyclodialysis, is more likely to be successful in a given case 

In a case of extensive peripheral anterioi synechia, especially in the upper 
portion of the angle I prefer cyclodialj'sis to trephination 

In each of Dr Fralick’s series of 5 cases cyclodialysis aftei iridectomy was 
successful I wondei whether he attaches any significance to this observation Was 
the cyclodialysis made in the area of the coloboma^ If so, the success of these 
operations may have been due to the effect of the iridectomy combined with the 
cyclodiatysis, the piocedure advocated by Czermak, Wootton and Wlieeler, and 
recently by Goldmann and Bangerter In Dr Frahck’s senes, iridectomy alone 
made an unusually good showing I wondei if extensive posterior synechiae were 
characteiistic of the cases in which iridectomy alone controlled the glaucoma 

I should like to take issue with one point in this papei, namety, tlie use of 
the word “only” in the following sentence “Paracentesis vas performed on 58 
eyes showing some degree of active uveitis I was surprised to find that in only 
25 eyes was noimal tension obtained without a moie radical opeiation” Does such 
a percentage of successes in a procedure as simple and harmless as paracentesis 
justify the use of the woid “only,” when a much more extensive operation, such 
as trephination, vas successful in 60 per cent? 

Dr Fralick’s expeiience that paracentesis lepeated several times at short 
intervals does not tend to be any more effective than one or two paracenteses 
agrees entirely with ours It is possible, therefore, that paiacentesis acts largely 
by breaking a vicious circle Our experience with the cyclodiatherm}’- of Vogt 
is sufficiently encouraging to -warrant recommendation of its trial -when other 
surgical procedures have failed 

The period of postoperative observation in our cases has not been long enough 
to w^arrant my presenting any results 

In my opinion, Dr Fralick and his associates have made a contribution oi 
great practical value in a field where everj^ bit of guidance and advice is keenly 
appreciated 

Dr F Bruce Fr vlick, Ann Arbor, Mich Dr Kronfeld asked wdiether the 
cyclodialysis opening was made in the region of the coloboma of the previous 
iridectomy I cannot ansiver tliat question defimtety, but it is my impression 
that tlie opening was not uniformly made in the region of the coloboma but w'as 
more commonly placed in the outer lower quadrant 
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Dr Kronfeld also raises the question whether posterior synechiae uere not 
common in the cases in n Inch iridectomy was performed It is true that the 
patients requiring iridectomy, or on whom irndectomy nas done, did show a 
high percentage of relatively advanced posterior S3mechiae, and that fact may 
logically be an explanation for the high percentage of good results in that group 
However, this group did not show the characteristics of vjs bombe, so that the 
end result would be that of a transfixion 

We also have been favorably impressed b)’’ the results of cyclodiathermy 
cauterization in treatment of the quiescent form of iridocyclitic secondary glaucoma 
I have, however, not used it on eyes with good vision Most of the patients 
operated on by this procedure have been persons who did not respond to the other 
forms of treatment, and thus cyclodiathermy cautery n as selected as a last 
resort AVe have been favorabl}^ impressed with the results m this particular 
group and may later gam sufficient courage to extend the use of the operation to the 
patients with less hopeless conditions 

Postoperative Exotropia with Limitation of Adduction* Results of Transplanta- 
tion of Tenon’s Capsule Dr Conrad Bereks and Dr Hunter H 

Romaine (by invitation), New York 

The technic of obtaining a suitable Tenon capsule graft to be placed betueen 
the muscle and the scleral adhesions, although described in a previous publication 
{Am J Ophth 21: 536, 1938), will be discussed in the light of added operative 
experience 

In the case of a patient operated on by one of us (C B ) the first operation 
was a failure, and the operation had to be repeated for postoperative exotropia 
following reti oplacenient This was done, with an excellent result, after consulta- 
tion with Di Kirby and Dr AAffiite In another case the exotropia uas worse 
after transplantation of the capsule, the unfavorable result seemed to be due to 
a reaction to buried catgut The results in the other cases m which one of us 
(C B ) operated were fair to good In the majority of cases one or more operations 
had been performed to correct the secondary deviation before Tenon’s capsule was 
transplanted 

In cases of postoperative exotropia, after the muscle is freed from underlying 
adhesions, it has usually been found advisable to resect a piece of the muscle and 
advance it about 1 mm anterior to the original insertion The results are not 
ideal, and better methods of handling the Tenon capsule graft to prevent reforma- 
tion of adhesions between the muscle and the sclera may be devised, or other 
material, which mil increase the effectiveness of the operation, may be found 
vhich will pro\e more satisfactory 

AA'^e have performed experimental studies on rabbits directed ton ard improving 
technic, clarifying clinical findings and possibly obtaining a better substance 
for the graft 

Patients with postoperative exotropia (caused by adhesions) are so disfigured 
that any operation vliich offers hope for improvement seems worthy of trial, 
especially in vieu of tlie generall) unsatisfactory results of conventional operations 

DISCUSSION 

Dr a D Prangen, Rochester Mum This paper by Dr Berens and Dr 
Romaine is a valuable contribution to surgery of the extraocular muscles First, it 
offers a new and feasible method of dealing with postoperative adhesions which 
interfere with mobility Second, and of most interest to me it points to the 
significance of Tenon’s capsule and the value of preseir^ation of its function uhen 
operations are performed on the extraocular muscles 

I agree vith the conclusions of the authors that the sliding flap, or, better 
the apron flap, is the best procedure By this method less tissue is damaged 
lewer sutures are used and the exposed muscle is enclosed by its ongmai iSose 
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fascial envelope, through which it can slide The results of this operation, as 
repoited in this paper, aie not striking but are encouraging When cases of 
limited postoperative mobility due to adhesions are encountered, this proceduie 
should be tried 

In cases of limited postoperative mobility from adhesions, one wonders why 
such complications occur I believe they are caused either by unnecessary damage 
to Tenon’s capsule at the time of operation or by the surgeon’s overdoing the 
original operation The latter cause is obvious and, I assume, does not explain 
the postoperative cicatricial loss of mobility considered in this paper The first 
cause disturbed function of Tenon’s capsule, is the point under discussion 
Throughout the years I have watched operations on the muscles, my own work and 
that of others, and I gradually have come to feel that coarse carpentry will not 
suffice foi the delicate mechanism of the extraocular muscles The regional anatomy 
and physiology of the several tissues involved in the function of the extraocular 
muscles must be understood and respected Of these tissues, the fascia bulbi, 
or Tenon’s capsule, is of paramount importance My consciousness of the importance 
of this capsule was awakened by the late Dr P C Jameson 

The studies on the anatomy and physiology of Tenon’s capsule of rabbit eyes 
made by Di Berens and his associates are most informative They remind one 
that Tenon’s capsule is a sheet of loose fibrous connective tissue enveloping the 
muscles a synovial membrane through which the muscles slide The authois 
state “It IS significant to note that by even slight manipulation of the muscle, such 
as would be made in the usual resection or recession, numerous adhesions were 
produced without the aid of other implements ” Postoperatively, every rabbit’s 
eye shoved adhesions of the muscle to the sclera, but these adhesions were less 
between Tenon’s capsule and the sclera than between other tissues and the sclera 
Moreover, even when the capsule was adherent to the conjunctiva and the 
sclera, the loose structure of the capsule allowed the muscle to slip' through it 
It is clear, therefore, that in operating on the extraocular muscles the surgeon 
should seek to effect minimal trauma to the portion of Tenon’s capsule on the 
muscle propel and should try to keep the fascial envelope of the muscle intact 
during lesection or recession With care, this is possible When the conjunctiva 
IS opened. Tenon’s capsule on the muscle can be avoided When the tendon and 
muscle are isolated, sharp cutting dissection parallel to the muscle, instead of 
tearing blunt dissection, can be used The latter method tends to pull the capsule 
off the tendon and muscle, particularly if the capsule has been opened by the incision 
The tongue of tendon and muscle with the intact capsule then can be altered 
en masse This, as Dr Berens and Dr Romame have shown, invites fewer scleral 
adhesions, and, even though adhesions occur, the muscle will slide through its 
original capsule I know this to be true from my own experience It is the reason 
for my rejection of any operation which advocates destruction of Tenon’s capsule 
in an attempt to improve or presence mobility As a further means of lessening the 
trauma of tissue and adhesions, I have come to use as few tendon sutures as 
possible and to employ fine no 000 and no 0000 plain gut sutures, which cause 
less reaction but hold long enough for union to occur Also, I avoid burying these 
sutures b} tying the knots outside the conjunctiva 

For cicatricial loss of mobility I believe the operation, as advocated by Dr 
Berens and his associates, is feasible and, as I said previously, should be tried 
No doubt, for the reasons already stated, Tenon’s capsule is the tissue of choice for 
correction of these adhesions when a transplant is needed 

Dr Conrad Berens, New York First, permit me to thank Dr Prangen for 
his excellent discussion and for his stressing of the importance of preservation of 
Tenon’s capsule in the ordinary, everyday operations on the muscles that the 
surgeon has to perform His method of operation is one which I have tried to 
follow for some time, but I confess that since postoperative cicatricial strabismus 
occurred m J case of mine, I have been doubly careful 
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Dr Prangen asked whether we were describing the ordinary overcoirection I 
have had, and have reported, many overcorrectioiis but not I am glad to say, 
this type of deviation, in which we found the extensive adhesions between the 
muscle and the eyeball, wath almost complete limitation of movement in the field 
of action of the affected muscle One case of cicatricial strabismus is a low 
incidence in view of the fact that in the early days I was taught to cut into the 
capsule and to snip along the sclera and that I did it rather freely In the light of the 
experiments on animals that my colleagues and I have performed, I do not see 
w^hy I have not had a great many more of these unfortunate complications 

Results of Irradiation of Malignant Melanoma of the Uveal Tract Dr Frank 

E Burch, St Paul, and Dr Walter E Camp, Minneapolis 

The statement has often been made that inadiation of malignant melanomas 
of the uveal tract is useless No conclusive proof has accumulated to commend 
or to condemn this form of therapy as a means of “sterilization” or of destruction of 
the neoplasm, preliminary to enucleation The employment of radium after enu- 
cleation IS frequent when it is available, the idea being that it may prevent local 
lecurrence or metastasis 

In order to afford some evidence of the efficacy of cross fire irradiation of the 
globe and orbit, as well as the changes in the melanoma produced thereby, sections 
of irradiated ocular melanomas were studied and compared wnth similar tumors 
not so treated This study seemed worth while, in view of the impossibility of one’s 
determining the degree of malignancy by biopsy, by cytologic study or by the 
presence and degree of argyrophilic fibers or, in most instances, by predetermination 
of the probable age of the tumor at the time of the first diagnosis 

No attempts were made to destroy the tumor by application of ladium, 
although several patients in this series refused enucleation until glaucoma, oibital 
extension or metastases developed With 1 patient wdiose affected eye w^as the 
only useful one, cross fire irradiation and application of radon were employed, 
and for a time growdh w^as retarded Glaucoma subsequently necessitated 
enucleation 

Our purpose in employing cross fire irradiation under highly competent diiec- 
tion w^as to determine the possibility of one’s safeguarding the patient against 
local or systemic recurrence 

The results prove that malignant melanoma is not ai rested by theiapy pre- 
liminary to enucleation , that malignant melanoma of the uveal tract is i adioresistant 
to a dose wdiich may be safely employed, and moreover, that although follow-up 
evidence as to rapidity of metastatic recurrence in the livei, lungs or othei organs 
is difficult to obtain, the mortality rate may be increased by preliminar}'’ n radiation, 
a possibility wdiich is to be considered 

DISCUSSION 

Dr a B Reese, New York The authors speak of the poorei prognosis 
for malignant melanoma elsewhere m the body than for that in the e^e They 
cite Bloodgood s figures of only 1 5 per cent of cures in 200 cases of malignant 
melanoma in other parts of the body, as compared wuth the approximately 50 
per cent of cuies in cases of intiaocular malignant melanoma This discrepancy 
IS due not to the difference in location of the same tumor but to the fact that two 
different tumors are called by the same name Malignant melanoma in other 
organs of the body differs from intraocular melanoma not only in regard to 
prognosis but m regard to its clinical and histologic characteristics The one seems 
to be neurogenic and the other ectodermal m origin 

It seems to me the only factor common to these two tumors is the occurrence 
of pigment In 39 of the authors’ cases glaucoma was present, and m 12 of these 
the dia^iosis of malignant melanoma was not made until the globes were opened 
m the laboratory, 2 being phthisical This is not an uncommon experience It 
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emphasizes, therefoie, the possibility that an eye with long-standing glaucoma 
may haibor a malignant melanoma, and it serves as anothei leason for the 
enucleation of such eyes 

Sometimes statements are perpetuated in the hteratuie without any proved 
scientific basis or without sufficient data Such has been the case with regard 
to the effects of irradiation on intraocular malignant melanoma Dr Burch 
and Dr Camp now give accurate information indicating that ii radiation of such 
a tumor is without benefit in arresting the growth, preventing metastasis or pro- 
longing life They admit that a longer period of observation would be advisable 
Although their obseivations are negative, it is important to have them established in 
the literature on a sound basis 

Angiomatosis Retinae Report of Successful Treatment of One Case Dr 
Philip Meriwether Lewis, Memphis, lenn 

This paper was published in the August 1943 issue of the Archives, page 250 

DISCUSSION 

Dr Lawrence T Post, St Louis Dr Lewis is to be congratulated on 
the successful treatment of the local ocular manifestation of this rare disease 
Though the destruction of one lesion in a case of this disease, m which there 
may be multiple lesions, may only postpone the evil day, as the author has pointed 
out, it IS to be hailed as a great achievement and might undei more favorable 
conditions, prolong useful vision for many years 

The desirability of the addition to the hteratuie of new cases of this lare 
disease is a point w^ell taken It requires a long time for the clinical picture of an 
unusual condition to become so familiar to all members of the medical profession 
that the}’- aviII be on the alert to recognize the signs when encountered Probably 
this disease is not so rare as has been thought 

I am lepoiting 3 cases here, 2 of which I am sure have not been described 
in the literature, and Dr R H Boots, former resident at Washington University 
School of Medicine, has encountered 3 other cases in the examination of draftees 
at Jefferson Barracks in the first six months of his service I shall now show 
photographs of 1 of Dr Boot's patients It is obvious that when a case of a 
disease has once been seen and recognized, new cases of a similar nature are much 
moie likely to be identified 

The fiist case that I shall describe is that of E C R a mairied woman aged 30 
of Dallas Texas, wdio was referred by Dr J Guy Jones on April 19, 1937 
She gave a history of dimness of vision in the right eye of four months’ duration 
Vision was 20/24 in the right eye and 20/15 in the left eye 

Just temporal to the right macula there was an area of healed inflammation or 
hemorrhage, measuring 1 disk diameter horizontally by 0 5 disk diameter vertically, 
over which the retina was somewhat elevated The descending temporal vein w’as 
dilated to about twice its normal size The accompanying artery was beaded for 
a distance of 4 disk diameters below the disk and then showed aneurysmal 
dilatation to about twnce its previous size It could not be differentiated from the 
1 ein The artery' and the vein terminated in a silvery gray mass, wdiich was elevated 
5 or 6 D At the apex of the mass was an orange ball, into which the artery and 
vein led directly The top of the mass measured 6 D The disk was somewdiat 
blurred and show’ed h}perg]iosis The cup was filled wnth newi- connective tissue, 
and all a eins w ere dilated There were a few' hyaloid areas in the low'cr portion of the 
periphery Examination of the left eye revealed a normal macula 

Complete examination was not possible, as the patient w’as making hurried 
rounds of the countr} to find some one who could help her The correct diagnosis 
of the condition had been made by the referring ophthalmologist The patient 
bi ought excellent illustrations of her fundi, both of which w'ere extensively invoKed 
with characteristic lascular lesions and multiple “bee’s nest” tumors and the 
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letma of the right eye was widely detached I advised her that radium or high 
voltage roentgen radiation offered the best means of therapy that I knew Her 
next stop was to be m Kansas City, ^^here she was to see Dr Cm ran Whether her 
case has been recorded previously I do not know An mteiesting feature of the 
case was that a brother whom I did not see, was similarly affected His case was 
described in a letter to me by Dr J Guy Jones Then father had one blind eye 
with a white pupil I wrote her a month ago to find out vhat had happened since 
I saw her but the letter was returned unclaimed 

My second case was that of E D , referred b} Di Boots from the St Louis 
induction center (slide) The greatly enlarged artery and its accompanying giant 
vein can be well seen In this case there were no tumors visible and no evidence 
of cerebellar or other involvement, hence the diagnosis is presumptive No treat- 
ment was given 

The third case was that of B K , a single woman aged 27, v horn I first saw on 
May 16, 1942 She complained of decreasing vision in hei bettei eye over a period 
of two weeks The other eye had always been defective and on examination proved 
to be moderately amblyopic, with vision of 20/50 and lelative central scotoma 
This fact, naturally, was an ever present threat to any contemplated therapy 

Vision of the left eye, which contained the angiomatous tumor, vas 20/30 
(slide) Obviously, the lesion was all in the extreme posterior pole of the eye 
near the disk and macula, which fact also influenced therapeutic considerations 
Edema and exudate had already extended into the macula involvement of which 
caused the blurred vision which the patient complained of 

Three methods of treatment seemed worth)^ of consideiation application of 
radium seeds, diathermy puncture and application of thermophore The preference 
was m the order named, chiefly because of the inaccessibility of the tumor An 
earnest v ish not to damage the macula further and not to rupture a large vessel in 
this, the patient’s only eye, was never out of the surgeon’s mind 

There was only one veek in which the patient was available for treatment, 
because of her personal affairs Radium seeds were ordered fiom New York As 
ill luck would have it, they did not arrive as planned Preparations were made, 
therefoie, to use diathermy, the convenient long cun^ed Gradle needle, devised foi 
detachment of the retina, being chosen Again, bad luck intervened, and this needle 
could not be found Hence, the thermophore was finally used The awkwardness of 
the approach through the necessarily inadequate exposure was the real deterrent to 
the operation The slide shows the tip employed I devised this instrument some 
years ago for treatment of retinal detachments The elbow at the turn near the 
point and the size of the shaft, necessary to convey adequate heat to the tip, pre- 
vented leady accessibility to the sclera opposite the growth The eye had to be 
rotated dovnvard, so that direct vision during application was not possible 
Neithei could the effect be observed immediately because heating at 160 F , a 
temperature which will destroy choroid and which it was thought would destroy 
the tumor, does not produce any immediately obsen^able effect Therefore, if the 
application had not been made at the desired point, another trial could not be 
made iminediatel) After a prolonged struggle, the point was placed over what 
was thought to be the correct area, though the attempted scarification of the 
localized spot had not been satisfactory The optic nerve could easily be felt, 
and It was known that the tumor v as approximately 4 mm almost directly above it 
What was not realized w as the possible rotation of the ball in fixation of the globe 
I was chagrined to find on examination of the fundus a few da3^s later, vhen the 
gi eat reaction had subsided that the round white area corresponding to the surface 
of contact with the thermophore vas clearly visible just below and temporal to the 
macula' No oppoitunit) for a picture to show^ this offered itself and when the 
fundus was next seen this white area had entirel} disappeared and the condition 
of the 6} e seemed the same as before the operation 

Encouraged b} Dr Lewis success, I may tr}’’ again, using diathermv, though I 
hesitate to risk fuither damage to the macula, which is so near the tumor 
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Dr Jack S Guyton, Baltimoie I wish briefly to present 2 cases in support of 
Dr Lewis’ conclusions 

The first case is that of a 13 year old girl with bilateral angiomatosis retinae 
The patient has been followed by Dr F H McGovern, of Danville, Va , during 
the past year Under his direction her eyes were first treated by roentgen irradiation 
This failed to check progression of the lesions, and during June 1942 he refeired 
her for diathermy operations 

I shall confine myself to the results of operation on the right eye The collected 
vision m the eye prior to operation was 20/15 —2 The single angioma was 
localized by flashing the light of an ophthalmoscope on the lesion and marking the 
point where the light penetrated the sclera Sixteen Walker pins were inserted, 
as in a detachment operation, into and just aiound the tumor mass, then position 
being confirmed by frequent ophthalmoscopic examinations A current of approxi- 
mately 15 milhamperes for three seconds was used for each pm A small 
hemorrhage appeared within the tumor during this procedure No attempt was 
made to close off the nutrient vessels, and at the close of operation the vessels 
appeared almost as large as before, although the angiomatous mass had been com- 
pletely obliterated 

Postoperatively, the fundus showed a pronounced reaction A moderate-sized 
hemorihage surrounded the obliterated angioma, and m the overlying vitreous 
a good deal of subretmal serous exudate was present, producing a flat detachment of 
the entire upper half of the retina and some subretmal hemorrhage aiound the 
temporal side of the disk This reaction slowly, but completely, subsided Three 
weeks after operation the corrected vision was 20/50 — 1 The retinal vessels were 
gradually reduced to normal size within the first week after operation Six weeks 
after operation all hemorrhage and exudate had disappeared, the site of the 
angioma was a healed scar, and corrected vision had returned to 20/15 — 2 

The second case is that of a 7 j'^ear old girl with bilateral juvenile Coats’s 
disease Progressive failure of vision developed m her left eye during the summer 
of 1941 She was first examined m September of that year, at which time the 
left eye was completely blind, with advanced exudative retinitis This eye was 
eventually enucleated, after a short episode of secondary glaucoma Histologic 
examination showed in the periphery of the retina on one side some unusually large 
blood vessels associated with an area of massive glial proliferation, and in places 
a large number of capillaries There was massive subretmal exudation There 
were newly formed vessels on the anterior surface of the iris and ectropion uveae 
Although the histologic picture was that of massive exudative retinitis and ghal 
proliferation (Coats’s disease), it suggested atypical angiomatosis retinae 

In September 1941 vision m the right eye was 20/20, and the eye was entirely 
normal except for the fundus The disk was slightly grayish and definitely blurred 
In the far temporal periphery was an area of grayish white exudation, about 2 
disk diameters in extent The vessels over this area were small but showed sharp 
and irregular changes m direction, as if aflfected by local elevation of the retina 
During the succeeding months the exudation in the periphery of the right eye 
gradually increased , also, definite beading of vessels became evident in that region, 
and a small amount of hemorrhage appeared within the exudate 

During March 1942 the right eye was given 930 r of roentgen radiation in 
divided doses, a current of 200 kilovolts was employed, with a 2 mm coppei and 
a 1 mm aluminum filter, and with a small aperture to avoid irradiation of the 
lens In spite of this therapy, the area of exudation gradually, but steadily, 
increased, the disk became much more edematous, and a hazy spot of subretmal 
exudation began to form just below the disk 

The right eye was operated on Aug 1, 1942 The area of exudation in the 
temporal portion ot the periphery vas completely obliterated and surrounded with 
sixteen diathermy punctures, Walkei pins being used as in a standard detachment 
operation During the first week after operation there was surprisingly httle 
reaction in the fundus Eleien days after operation corrected MSion uas still 
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20/20 — 3 An elevated white area, containing some blood undei going absorption, 
extended from 7 to 10 o’clock in the temporal penpber} The disk was slightly 
more edematous and the subretmal exudate below the disk was slightly more 
prominent than before operation Four weeks after operation the reaction m the 
fundus reached its height, with increased edema of the disk, which extended 
into the maculai region At this time vision with a pinhole disk was reduced 
to 20/70 During the succeeding four weeks the area in the peripheiy that had 
been treated with diathermy punctuies contracted into a white scar with a pig- 
mented border The edema of the macula and about the disk disappeared, the 
subretmal exudation just below the disk was absorbed, and corrected vision 
returned to 20/20 — 3 ^ 

Theie has heretofore been no tieatment of any kind for juvenile Coats’s disease 
The apparent success of diathermy punctures in this case is therefore of con- 
siderable importance There has been a good deal of argument as to whether the 
pathogenesis of juvenile Coats’s disease is the same as, oi similar to, that of 
angiomatosis retinae, but whatever the piimaiy cause of the lesion may be, the 
observations heie reported indicate that obliteration with diathermy at least offers 
a chance of the vision’s being saved It is significant that in this patient eiadication 
of the primary lesion in the periphery of the retina caused disappearance of the 
edema of the disk and of the subretmal exudation below the disk 

Dr Frederick C Cordes, San Fiancisco It is only recentl)’- that the tieat- 
ment of angiomatosis retinae has received much attention In addition to the 
method employed by Di Lewis, radium and roentgen rays have been used Treacher 
Collins, m 1930, proposed electrolysis as a possible means of therapy and sug- 
gested that localization of the tumor be made according to the methods employed 
by Gonan Roentgen radiation has been employed a number of times 

There are few reports of cases m which the patient was observed moie than 
a yeai Weve reported his results two and a half years after diathermic treatment, 
and Ciaig, Wagenei and Keinohan published then observations three years 
after roentgen therapy 

In 1940 Dr M J Hogan and I (Angiomatosis Retinae, Arch Ophth 23: 
253 [Feb ] 1940) reported our results m a case of fairly early angiomatosis 
retinae m a woman of 20, who received 1,202 r of roentgen radiation m September 
1938 In the left eye a lobulated, reddish yellow mass was situated well out m 
the periphery below and slightly to the temporal side The inferior temporal artery 
a shoit distance from the disk was greatly dilated and tortuous In the central 
portion the artery became sacculated Accompanying the artery was a tortuous, 
but more dilated, vein, which started m the mass There were patches of pale 
yellow’- exudate above the macula and a good deal of edema and many linear streaks 
of exudate along the vessels 

The patient w’as obsen^ed periodically until she moved to Seattle She retained 
the impiovement described m the paper In Seattle the patient has been under the 
observation of Di Will Otto Bell, wdio has kept us informed on the results of hei 
periodic examinations His letter wiitten thiee and a half years aftei the irradiation 
w’as started states 

“The sacculation and tortuosity mentioned m the report have notably receded 
The \em remains soimvhat enlarged The mass measuies almost 2 disk diameters 
and IS elevated from 3 to 4 D No other masses have been seen The patches of 
pale yellow’ exudate above the macula mentioned m the original report could not 
be found, and the lineai stieaks of exudate above the dilated vein are absent” 
\'ision remains the same as before tieatment— 0 8 -f w ith coi rection Interestingly 
this reduction in vision is due to an opacity of the lens that she had before irradiation 
and which has not increased as a result of the treatment 

M} associates and I also have under observation a 14 }eai old o-irl with 
bilateial angiomatosis letinae The condition is w’ell adianced in the right eye and 
IS m the eaily stage m the left ere Her father died at the age of 35 of Lindau’s 
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disuse Aside from the lesions in the eyes, the patient shoM s no signs of the disease 
In February 1941 she received 1,800 r of loentgen radiations to each eye, a dose 
twice that which Di Guyton gave his patient She was last seen in Septembei 
1942, two weeks ago, and nineteen months aftei irradiation was started The 
condition in the light eye seems to have definitely progressed In the left eye 
the nodule is smaller, white and “harder,” as though it consisted for the most 
part of scar tissue V ision in the left eye i emains at 20/20 

Cases of well advanced disease have been reported in which roentgen theiapy 
was not successful In our experience this obsen^ation seems to be boine out 
In the second case the well advanced stage in the light eye showed no i egression 
The early stage of the disease in case 1 and that in the other eye m case 2 did 
respond to roentgen therapy, and the eyes have maintained then improvement and 
function, one for three and a half yeais and the othei foi one and a half years 

There still persists a widespread fear of roentgen therapy m tieatmeiit of oculai 
conditions The most dreaded complication is lenticular opacities, a condition that 
can be corrected by operation and therefore should not be considered too seriously 
Clapp could find onl}'’ 34 cases of postirradiation cataracts up to and including 
1932, a period covering the time when irradiation of an eye was not as well 
understood as it is now 

On the basis of observation of 3 eyes 1 of which was irradiated and observed 
for thiee and a half years and the other 2 for one and a half years, we feel that in 
addition to diatherni}'-, roentgen irradiation offers a convenient, safe means of 
treatment of the lesions of this disease if they are seen early, before gliosis has 
developed 

Dr F Bruce Fralick, Ann Arbor, Mich I am pleased that Di Lewis 
has again called attention to the fact that angiomatosis retinae in some instances is 
amenable to treatment He is to be complimented on his careful observations and 
his results in this case 

It is my belief that the numbei of patients opeiated on for this condition 
will be small and that therefore every surgeon should place on record his results 
m each operation I vish, therefore, to report an additional case of angiomatosis 
retinae 

A 26 year old man AAas referred to me by Di Warren B Dodge Ji , of Battle 
Creek, Mich The patient had experienced no visual complaint until eight months 
before, when he noted blurred central vision m the right eye There veie no 
subsequent visual changes and no inflammation The general health vas good, 
and the family history was without significance Geneial medical and neuiologic 
examinations revealed a normal status Vision was 6/30 m the right eve and 
6/45 — in the left eye External and fundic examination of the left eye leiealed 
nothing abnormal Examination of the right eye revealed normal pressure and no 
external evidence of disease Inspection of the fundus of the right eye levealed 
that the superior temporal artery and vein were much dilated and tortuous The 
vessels terminated m an angiomatous cyst m the upper outer periphery of the 
retina The superior temporal quadrant of the retina was studded with small 
lipid flecks The macular area was infiltrated and edematous and contained many 
lipid infiltrates The central field of vision presented a scotoma m the lover 
mesial quadrant, which included the area of fixation 

On April 29, 1941 a diathermy operation for angiomatosis retinae vas done 
according to the method outlined by Herbert Kaye (Treatment of Angiomatosis 
Retinae, Arch Ophth 25’ 443 [March] 1941) An attempt was made to 
obliterate the angiomatous retinal cyst %vith micropuncture pins and to sclerose 
the superior temporal artery, which supplied the cyst, by diathermic treatment 
of the scleral surface along the course of the artery The latter procedure vas 
difficult, since the artery and vein were relatively close together An attempt 
was made to produce the fundic picture of arterial, rather than of venous, occlusion 
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W'hen the patient \\as last seen, on Feb 17, 1942, ten months after the opeia- 
tion, vision had improved from 6/30 to 6/15 --j- in the right eye The dilated ressels 
were much smaller than before operation, but the superior temporal artery and 
vein were still patent The angiomatous cyst appeared as a productive exudative 
scar, supplied and drained by the superior temporal vessels The lipid exudates had 
nearly all disappeared The retina was flat, and the hemorrhages had been 
absorbed, without evidence of their former presence 

This limited experience with a condition for which formerly no theiapeutic 
measure was available oflfeis hope foi furthei impiovement in surgical technic and 
results 

Dr Arthur J Bedell, Albany, NY I wish to demonstrate by means of 
colored photographs of the fundus that angiomatosis passes through certain stages 
whether it is treated or not and, further, that these stages do not fall into 
definite intervals of time 

(Slide) The first photograph shows an unusually large vein in the mferioi 
portion of the fundus I believe it is safe to say that when there are very large, 
parallel blood vessels, angiomatosis is present 

(Slide) The second photograph of the same eye shows the maculai exudate 
and the greater dilatation of both the vein and the accompanying arteiy 

(Slide) The third photograph, that of the extreme temporal penpheiy, shows 
a typical angioma, a rounded, pale, red swelling, with a paler area below and 
a pinker, upper outer edge, with entering artery and draining vein 

The condition in the second case was in a more advanced stage The angioma 
and the blood vessels were small, but the exudate covered a greater area and in 
the lower part of the fundus the retina was detached In the case which Dr Lewis 
presented, retinitis proliferans followed treatment I am sure that when he leports 
on the case in another year or two, he will say that the folding and piolifeiation 
of the retina have increased 

(Slide) The photograph in the third case exhibits typical changes, with much 
pigmentation and several retinal ridges 

Angiomatosis is much more common than the leports indicate I have seen 20 
cases and feel certain that others may have been unrecognized 

Why Is a Glaucoma Clinic Desirable'? Dr Harry S Cradle and Dr H Isabelle 
McGarry (by invitation), Chicago 

The glaucoma clinic of the Illinois Eye and Eai Infirmary w^as established 
because it was believed that constant supervision of patients suffering from glaucoma 
would result in a notable decrease in blindness due to that disease To prove the 
validity of that belief the follownng paper presents an analysis of the cases of 
patients with piimary glaucoma wdio weie seen at the clinic during the first year of 
Its existence and who have been under continuous observation ever since The 
analysis is based on data on visual acuity, visual fields and tension after six 
tw'elve, eighteen and tw^enty-four months, as compared with the status of these 
factors at the time of the patient’s admission The series comprises all cases of 
primary glaucoma, not merely selected cases, but does not include any case in 
w Inch the etiologic factors of the hypertension could be proved clinically 

The statistics present evidence that the glaucoma clinic, functioning as a 
supplement to the regular ophthalmic services of the Illinois Eye and Ear Infirmaiy, 
has more than proved its value in the presen'-ation of rnsual function and m 
the pievention of blindness in cases of primary glaucoma 

DISCUSSION 

Dr Mark J Schoenberg, New' York Last year the chairman of the Com- 
mittee on Glaucoma for greater New York, sponsored b} the National Societv 
for the Prevention of Blindness, read before the American Ophthalmoloffica'l 
Societi a leport on a sunej of glaucoma records of three ophthalmic clinics in New 
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York and of one such clinic at Boston The greatei part of this paper illustrated how 
unsatisfactor}^ and chaotic glaucoma work can be if it is conducted along tiaditional 
lines r\hich have lemamed almost unchanged for the last one hundred years On 
the other hand stud} of the Boston clinic demonstrated that it is not impossible 
to reform the old ways and that better results are obtainable with more up-to-date 
methods, just as Di Cradle and Dr McGariy have emphasized in their paper 
I wish to add that conditions are improving fast in the ophthalmic clinics of Ne\\ 
York 

As an introduction to discussion of the papei, I shall relate some of my ovn 
experiences 

In October 1935 my colleagues and I opened a special clinic foi patients with 
glaucoma at the Knapp Memoiial Eye Hospital, of New York The stall of the 
clinic consisted of a director, an assistant and a medical diagnostician This 
group staited out with the idea of studying the patients as thoioughly as the 
means at our disposal would permit Perimetric measuiements were recoided 
every foui to six weeks, the patient’s complaints, i elating both to the physical 
and to the mental condition, were entered on the lecoid, no matter how trifling 
they appeared 

In addition each member of the staff was chaiged to stud} and report on a 
certain phase of glaucoma Gradually the work branched out m every direction A 
social vorker and a nurse weie added to the staff, and patients were taught 
how to apply medicaments to their eyes and the elementary rules of peisonal 
hygiene and nutrition The meaning of glaucoma was explained and the importance 
of coopeiation stiessed Printed leaflets containing the necessaiy information 
worded m plain language, were distributed among the patients and the membeis 
of then families The clientele of the clinic grew gradually Thus by organizing 
a glaucoma clinic, coping with the various piactical problems and handling patients 
m a mannei entirely different from the A\ay m which they are being managed 
m regular clinics, and even in private practice, we learned some things not found in 
books 01 in journals From this experience we reached the following conclusions 

1 The glaucoma clinic gives an infinitely better service to patients than the 
average ophthalmic clinic 

2 The clinic offers the attending staff, both medical and nonmedical, the 
rai e oppoi tunity of studying and treating a large number of patients with the same 
disease v ithin a short tune, so that the span of time necessary to acquire a sufficient 
amount of knowledge about glaucoma is shortened 

3 The clinic serv’^es as a center of education for patients and othei lay people 
who ai e in need of being informed about the prevention of blindness from glaucoma 

4 The clinic may sen'^e as a center of education for medical pi actitioners and 
others who aie the first to come in contact wuth patients wutli early glaucoma and 
on whom we depend for getting such patients 

5 It could become a center for research, especially clinical research, on the 
\arious phases of the glaucoma pioblem 

In other words, such a clinic offers (1) better service to patients, (2) an 
opportunity to the clinician foi intensive study of patients with glaucoma, and 
(3) educational opportunities to both layman and general practitioner It may 
also sene as a center for research 

Tlie objections to a glaucoma clinic may be briefly considered Few^ ophthal- 
mologists w’lll den} the importance of the organization of special glaucoma clinics 
No one could defend successful!} the traditional method wffiich has been in vogue 
for the past centur} On the othei hand, many ophthalmologists doubt whethei 
the organization of special glaucoma clinics is a practical possibility Some of then 
objections refer to (1) the cost of running such a clinic, (2) the lack of medical 
and nonmedical help (3) the lack of space, and (4) the opposition of the medical 
staff ot the general ophthalmologic clinic, w'hicli does not wish to be deprned of 
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the expenence of seeing patients of this type while a small gioup of ophthal- 
mologists of the glaucoma clinic “monopolizes” the entiic clinical and suigical 
mateiial of the disease 

Those nho have condemned innovations m medicine haie always been m the 
majouty, and appaiently valid objections have always been found even against the 
most piessnig lefoims 

The shoitage of well trained piofessional perniieti ists is indeed a seiious 
pioblein, but even this can be lemedied I-^tely, my associates and I have staited 
111 New^ York a couise foi teaching voluntceis the method of pciimetn We 
hope to have half a dozen pernnetrists faiily w^ell trained in about thice months 
They wall then be tinned over to a few ophthalmic clinics, ivhere pcinnetiy is 
done only casually, to woik and to continue then tiannng iiiidci the supen’ision 
of the attending ophthalmologists 

A small loom 10 by 10 feet (3 by 3 meteis) can be fitted out with the 
necessaiy implements to serve as a pernnetiy looni In iiew' of the benefit to be 
derived fioiii peiimetiy. the salaiy of a piofessional peinnetiist is the best nivest- 
nient an ophthalmic institution can make If thcie is inoiie) foi a laboiatoiy 
foi loentgenogiaphy and foi depaitments of oithoptic tiannng and collection of 
aniseikonia, theie must be money foi pciimctiy 

The accusation that a sepaiatc clinic “monopolizes” the glaucoma mateiial is 
based on misinfoi niation and misuiidcrstaiiding The staff of the glaucoma clinic 
IS to be on a lotating basis The membeis are appointed foi tliiee, six and nine 
months on a staggeied basis, so that theie aie ahvays ophthalmologists in chaige 
to teach the newxomers fiom the genet al ophthalmic clinic the loutine of the woik 
and to continue the tradition of thoioughness establislicd by the directoi 

Time does not peimit discussion of the subject in gieatei detail IMen who 
have had actual experience with glaucoma clinics should have priority in being 
heaid The opinions of the colleagues fiom such institutions as the Illinois Ifye 
and Ear Infirmary, the Massachusetts Ej'e and Ear Infiimaiy. the Biookljn 
Eye and Ear Hospital and the Long Island College Hospittil. as well as ni} own 
conclusions, should w^eigh ni the lialaiicc against those of men who do not apjnove 
of special glaucoma clinics on puiely theoietic giounds 

Di John Evans wnote to me a few' da}s ago as follows “I can state that 
there is absolute agreement at the Long Island College Hospital that the patients 
aie getting far bettei caie m the glaucoma clinic than m the geneial clinic ” 
Di Hem 3 '^ Mitchell Smith wiote* “Fiom m)’’ experience as dnector of the special 
glaucoma clinic at Long Island College Hospital, I am convinced that a special 
clinic IS the only w'ay to handle patients with glaucoma m a busy ophthalmic clinic ” 
I do not doubt all agree that the real difficulty in lunning a successful glau- 
coma clinic lies m the discoveiy of cases of the disease m the eaily stages To do 
this, the public, the geneial practitioneis and the optometiists must be tiamed 
Research work must be encouraged The ophthalmologist should not be satisfied 
simply to prevent blindness fiom glaucoma Even 20/100 vision is too low a goal 
He should strive to save foi his patients noimal, or nearl}'^ noimal, visual acuit 3 '' 
and field of vision 

This discussion should not be concluded without mj'' pointing out one wfeak- 
ness m the otherwise excellent papei of the essayist, namel}'', the statement that 
the glaucoma clinic at the Illinois Eye and Ear Infiimary neithei tieats the 
patient nor opeiates In othei woids, the clinic concentiates its entiie attention 
on and limits its activity exclusively to, diagnosis I believe that it is much better 
and to the advantage of the patients and of the peisonnel of the glaucoma clinic 
that the complete woik (both diagnostic and therapeutic) be carried out at the 
glaucoma clinic only Divided interest and responsibility do not lead to complete 
efficiency Perhaps the possibility that members of the staft of geneial ophthalmic 
dimes may fear they are being deprived of opportunity foi glaucoma surgeiv has 
dictated the authors policy of splitting the work between the two services How 
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evei, this fear is due only to a misunderstanding, since, as I have mentioned, 
one of the purposes of the glaucoma clinic is to give an opportunity to every man 
from the general ophthalmic clinic to become proficient in every phase of the 
glaucoma problem by devoting his time at least for one period, of a number of 
months, exclusively to the work in the glaucoma clinic This includes, of course, 
glaucoma surger}^ 

Differential Diagnosis of Paresis of the Oblique and of the Superior and 
Infenor Rectus Muscles Dr William Thorn wall Davis, Washing- 
ton D C 

Bielschowsky stated that “by far the most frequent type of single vertical 
motoi anomaly is ti ochlear pals)'' ” 

The most striking sign of palsy of the oblique extraocular muscles, both 
superior and inferior, is habitual torticollis The head is not tilted with palsy of 
the vertically acting rectus muscles Until Bielschowsky formulated the diagnostic 
signs for differentiation of palsy of the superior and inferior rectus muscles and 
palsy of the oblique muscles, paresis of the vertically acting rectus muscles and 
that of the oblique muscles frequently were confused 

The outstanding differential diagnostic sign may be stated as follows With 
palsy of the right superior oblique or of the left superior rectus muscle, when 
the patient looks up and to the left, there is a high degree of hyperphoria on the 
right side, due to overaction of the right inferior oblique muscle With palsy of 
the right superior oblique muscle, when the head is tipped to the right shoulder, 
maximum vertical deviation occurs When the head is tipped to the left shoulder, 
there is little or no vertical deviation With palsy of the right superior rectus 
muscle, there is no change in the vertical deviation when the head is tipped either 
to the right or to the left shoulder 

There are other diagnostic signs, which will briefly be discussed, but this 
phenomenon is the most easily observed and the most important It requires no 
paraphernalia for detection 

The same difficulty obtains in differentiation of palsy of the right inferior 
oblique muscle and palsy of the left inferior rectus muscle When the eyes are 
rotated to the left, the right eye turns strongly down and in This is caused by 
overaction of the right superior oblique muscle, which is the antagonist of the right 
inferior oblique muscle 

The simplest and most dependable diagnostic sign is elicited by the subject’s 
tipping the head When the head is tipped to the right shoulder, the side on 
which the palsy exists, there will be slight or no vertical deviation of the eyes 
When the head is tipped to the left shoulder, the maximum vertical deviation 
occurs This is the reverse of that which occurs with palsy of the right superior 
oblique muscle, with which the maximum vertical deviation occurs when the head 
IS tipped to the side of the lesion With palsy of the inferior oblique muscle, the 
maximum deviation occurs when the head is tipped to the side opposite the lesion 
If the left infenor rectus muscle is paralyzed, there is no difference in the vertical 
deviation when the head is tipped to one shoulder or to the other 

DISCUSSION 

Dr Sanford R Gifford, Chicago Dr Davis has so well described and 
demonstrated the principal points in the differential diagnosis of palsies of the 
extraocular muscles that there is little left to say There should be no need to 
insist here on the \alue of exact diagnosis m cases of paralysis of the vertical 
and oblique muscles One still sees, however, a number of patients whose dis- 
order has not been diagnosed or, if diagnosed, no provision has been made for 
appropriate remedial measures This is a pit}, since few patients present more 
satisfactor} results of appropriate surgical treatment than those with partial 
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paial^sis o£ a \eitical oi an oblique muscle The pi oof of the diagnosis is m the 
suigical result, and few patients are more giatcful than those who have icceived 
appieciable impiovement in then liinoculai field, with lehef of long-standing dis- 
conifoit Most ophthalmologists aie similai in an intractable tendcnc) to foigct 
lules coiiceining paialytic scjuint To ha\c foi gotten some of them has heen more 
piofitable than to have learned them, foi it is tiuc that the textbook ]nctuie of 
diplopia, as shown in nine neat little squares, is raicly met with m jnactice It is 
seen only in cases of fiesh paralysis and is supplanted rapidly by the comp’cx 
lesulting* horn contractuic oi spasm of the opposing muscle Di Davis has done 
w'ell to desciibe this stage of paialysis of the supciioi oblique muscle, in wdnch 
the diplopia is not limited to the low-ei and mnei pait of the field, but exists 
all ovei the field and the piominent fcatuie is the upshoot of the paialy/cd eye in 
adduction, due to ovei action of the mfcrioi oblique muscle I should go fuithei 
and sa} that this is the usual pictuic and is common m cases m w'liich the supeiior 
oblique muscle has so fai ieco\eied as to rendci difficult the demonstiation of any 
limitation of motion dowmw'aid and mwaid 

(Slide) This slide illustiates a case of paialysis of the left supciioi oblique 
muscle with typical tilting of the head to the light Tlic eyes aic about level 

(Slide) This slide show's the patient looking iiji to the light, with o\ei action 
of the left inferior oblique muscle 

Moie piactical than the remembering of lulcs, at least in my expeiicnce, has 
been a somewhat childish method hy which the position and functions of the vaiioiis 
muscles are visualized while one is looking at the patient Befoie the field of 
diplopia is examined, the deviations in various paits of the field in the cover test 
are noted as advocated by Bielschow sky. Duane and White, including obsenation 
w'hile the head is tipped Thus, wnth the action of each muscle m mind, one 
identifies the muscle which must be paialyzed oi o\eractivc in ordei that the 
deviation observed may be produced The only rules woith one’s remembeiing 
are that in the covei test the deviation of the nonparalyzed eye is always greater 
than that of the paialyzed eye and that a decided inciease in deviation when the 
head is forcibly tilted neaily always means paralysis of an ol)hque muscle I should 
add one more, namely, that the deviation is ahvays gieatei in adduction in the 
case of paralysis of an oblique muscle and is alw'ajs gi eater m abduction in 
the case of paralysis of a vertical rectus muscle 

Bielschow'slc)'’s priceless advice is ahvays rememlieied, namely, that in cases of 
vertical deviation one should consider only the piimaiy actions of tlie muscles, 
as their secondary actions may be neutialized by preexisting phorias I dislike to 
think how' many diagnoses I have missed by following the textbook picture, wdnch 
indicated that paralysis of an oblique muscle should result in homonymous diplopia 
because of the abducting action of that muscle Almost as often as not, in cases 
of acquired paralysis, a preexisting exophoria causes the diplopia to be crossed or 
crossed m one field and homonymous m anothei In cases of congenital paralysis 
of the trochlear nerve convergence is more likely to develop, this may be pro- 
nounced enough to stimulate concomitant convergent squint, with overaction of 
an inferior oblique muscle This is especially likely to occur when some degree 
of suppression has developed, as may happen in cases of congenital paralysis, so 
that diplopia is not noticed In a child old enough to coopei ate, how'cver, diplopia 
can nearly always be elicited during tests, and in smallei children tilting of the 
head will always suggest congenital paralysis of the trochlear nerve The case of 
a patient with paralysis of the left trochlear nerve whom I recently treated is 
typical (slide) At the age of 14 years she suppressed the image of the left eye 
so much that she never complained of diplopia She was moie comfortable how- 
ever, when she tipped the head to the right shoulder, and diplopia could be elicited 
easily when attention was directed to it In this case the upshoot of the left eye 
on adduction was the prominent feature, but there was hypeitropia in the lit 
eye of 15 prisms in the primary position (In the picture, she is looking down 
and m, so that she shows limitation of the motion of the superior oblique muscle 
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also, but a marked upshoot was evident on her looking straight to the right ) 
The hyperphoria of the left eye has been reduced to 3 prism diopters by excision 
of part of the left inferior oblique muscle 

I have cared for a few patients with congenital paralysis of the trochlear 
nerve in whom the convergent deviation had become so marked as to require sur- 
gical correction, in addition to what was necessary for the vertical deviation In 
such cases myectomy of the inferior oblique muscle is usually performed first and 
IS followed later by whatever procedure on the horizontal rectus muscles is indi- 
cated by the degree of squint 

As Dr Davis has pointed out, the most difficult pioblem of diagnosis is dffiei- 
entiation of partial paralysis of the superior oblique muscle and that of the superior 
rectus muscle of the opposite eye This is especially true when there is alternating 
fixation or fixation with the paralyzed eye The relative positions of the double 
images are the same in the two conditions Thus, with paral3'^sis of the left 
trochlear nerve there is hypertropia of the left eye, which increases on the patient’s 
looking to the right, with the uppei pole of the left image tipped to the right 
With paralysis of the right supeiior rectus muscle, there is hypotropia on the right 
side or hypertropia on the left side, which increases on the patient’s looking to the 
light, with the upper pole of the right image tipped to the left, though usually 
only slightly If the patient fixes with the right, or paretic, eye, the image of the 
fixing eye is seen as erect, and that of the left eye is tipped, with its upper pole 
to the right Usually the head tilting test, as described, reveals notable increase in 
deviation when the head is tipped to the left side in cases of parah^sis of the left 
trochlear nerve, while the degree of deviation is unchanged, or is decreased, in 
cases of paralysis of the right superior rectus muscle 

(Slide) This slide illustrates another case of paralysis of the left superior 
oblique muscle, uith the head tilted to the light in the normal position and no 
deviation 

(Slide) An attempt is being made to force the patient’s head to the left, the 
left eye deviates upward when the patient looks to the right with the head tilted 

When there is doubt, it is often of value to note the degree of deviation of 
each eye m the cover test In a recent case of paral3’'Sis of the right superior 
rectus muscle when the patient fixed with the left eye deviation was slight, while 
uhen he fixed with the right eye, as shown in the slide, the left eye showed a 
marked upshoot under cover This, of course, established the right eye as the 
paralyzed one Fortunately, m3fectomy of the left inferior oblique, which is indi- 
cated in cases of paral3''Sis of the light supeiior rectus muscle, is of almost equal 
Aalue in cases of paratysis of the left trochlear nerve, with overaction of the left 
inferior oblique , so one may be wrong in the diagnosis and still do the patient 
some good 

When one is examining for diplopia, which is seldom done until a tentative 
diagnosis by means of the cover test has been made, the value of the horizontal 
line should be emphasized The images of the vertical line, usually employed, 
often overlap in such a way as to be fused by the patient Images of the hori- 
zontal line, when tipped, are fused much less easily, and hence the patient will 
gne much more reliable answers as to the tipping of images Its only disad- 
\antage is the necessity of the patient’s mentally rotating the tipped image 90 
degrees in order to visualize the rotation of the eye 

(Slide) This slide shows a picture of Bielschowslcy’s, illustrating paralysis of 
the left superior rectus muscle and the corresponding fields The patient is fixing 
vith the paretic eye, and the marked upshoot of the nonparetic eye during fixa- 
tion with the paretic e3’'e is shown The next picture shous him fixing with the 
nonparalyzed 036 with little deviation The next shows the normal movement of 
the right 03^0 on his looking up and to the right, and the last, the marked limi- 
tation of motion of the right eye on his looking up and to the right 

(Slide) This picture shows the horizontal line as it is used, and the next, the 
mental rotation of the image which one must make in order to visualize rotation 
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with the paialyzed muscle, ^^hlch accounts foi the tipping The tipping, of couise, 
IS alwa 3 ^s in the diiection in which the paialyzed muscle should move the eye, so 
that when the left image is tipped v ith the uppei pole to the right, as m this case, 
theie must be paralysis of a light lotatoi muscle — m this case, the left supeiior 
oblique muscle 

(Slide) Once the tuck of mental lotation of the image is learned, its advantage 
IS -obvious Many peisoiis mil give no information relative to tipping with the 
veitical line, but do so readil}’’ with the hoiizontal line The led glass is seldom 
necessar)'^ m such tests, and its use senses only to conceal the deviations which aie 
occurimg and which one wushes to obseive 

A few^ slides illustiate this test 

(Slide) Tins pictuie was taken in a case of paialysis of the left supeiioi 
oblique muscle befoie operation, wuth a ciudc pictuie of the field of diplopia 
(slide), and the next pictuie show's the binocular field aftei mjectomy of the left 
mfeiioi oblique 

(Slide) The next slide shows paial 3 sis of the left supeiioi lectus muscle 
When the patient is looking up and to the light, one does not see an 3 ' deviation 
When she is looking up and to the left, theie is maiked limitation of movement 
of the light eye in the field of the paralyzed left supeiior lectus muscle 

(Slide) The next slide (fiom Bielschow sla ) shows paial 3 'sis of the mfeiior 
oblique muscle The motion of the left eye is normal when the patient looks up 
and to the left, but theie is complete paial 3 'sis of the left mfeiioi oblique when 
he looks up and to the light 

(Slide) The next slide is a case of mine, one portion of wdnch shows paialysis 
of the left mfeiior oblique muscle 

Fixational Corneal Light Reflexes as an Aid in Binocular Investigation 
Major Emanuel Krimsky, Medical Corps Army of the United States 

This paper appeals on page 505 of this issue 

Correlation of the Phenomena of Crossed and Obliquely Crossed Cylinders 
with Cylinder Retinoscopy and Clinical Refraction Dr Charles Hymes, 
Minneapolis 

Ciossed and obliquely ciossed cyhndeis may be lesohed into sphei oc 3 dmdi ic 
equivalents, wdnch may be detei mined clinical^ oi by means of piecise mathe- 
matical foimulas The phenomenon of obhquel 3 ' ciossed cjdmdeis is the basis 
for cylinder letmoscopy, as W'ell as foi the technic of detei'mination of the axis 
of an astigmatic eye by means of the crossed cylmdei 

The only other function of the ciossed C 3 dmdei m the technic of refraction 
IS that of determination of the pow'ei of the cylmdei, based on a compaiison of 
diffusion images 

Theie is no physiologic basis foi the use of the ciossed cylmdei m the 
determination of the pow'ei of the spheiical addition for presbyopia 


DISCUSSION 


Dr W Howard Morrison, Omaha This papei contains too much detail in 
physiologic optics for one to absorb it readily Most wull benefit by reading 
and analyzing this contribution after it is printed m the Transactions 

In discussing the simple cylinder. Dr Hymes uses the formula F — 


No of Degrees X Rower of Lens 
90 


This formula, according to Cowan (Refi action of the 


Eye, Philadelphia, Lea & Febiger, 1938, p 250), is not exactly coirect It is 
however, easy to remember and to use To be exact it should lead as follow's’ 
Dm = Dc sm- a in which Dm indicates pow'er in any chosen meridian Dc total 
cylinder power and a, angle between the axis meridian and the chosen meridian 
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Dr Hymes states that as a techmc cyhndei letinoscopy is not generally used 
I should say, rather, that C 3 dmdei retinoscopy is employed by most lefiactiomsts 
who use the retmoscope expertly 

Some attention must be paid to the spheie A\hen the cross cylinder is used to 
deteimine the strength of the cyhndei He who uses the cross cylinder finds 
that he cannot inciease the amount of the cylinder indefinitely without decreasing 
the spherical sti ength Conversely,, he cannot greatly reduce the strength of the 
cylinder without increasing the amount of the sphere This means that the cross 
cyhndei is not used in determining the sphere alone, as stated by some refrac- 
tionists, but It implies that each time more or less strength of cylindei is indi- 
cated by the cross cylinder a sphei ocylindnc change must be made 
Cowan also stated (page 268) that with a cioss cyhndei 

We are able to add either positive or negative cylindnc power and at the same time 
reduce the spheric power in the same denomination and in the same proportionate strength 
This differs from the use of plane cylinders for the same purpose 

When making such spherocyhndric changes, one must understand the means 
of obtaining a spherical equivalent , that is, the spherical equivalent of a simple 
cylinder is equal to one-half the power of the cyhndei For example, the 
spherical equivalent of a -|- 4 00 D cylinder is a -)- 2 00 D sphere, or that of a 
— 5 00 D cylinder is a — 2 50 D sphere 

The spherical equivalent of a compound is determined by adding one-half the 
power of the cylinder to the spherical element of the compound For example 
the spherical equivalent of + 2 00 D sph O + 4 00 D cyl , ax 90 is a -)- 4 00 D 
sphere , that of — 2 00 D sph C — 4 00 D cyl , ax 180, a — 4 00 D sphere, 
and that of -|- 3 75 D sph C — 4 00 D C 3 d , ax 180, a -f- 1 75 D sphere 

The refractiomst employing the 0 25 D cross cylinder uses his knowledge of 
the spherical equivalent in this manner If m a combination of -f- 3 00 D sph 
3 + 2 00 D cyl , ax 90, the cross cylinder indicates less strength of cylinder, 
the next step is to reduce the cylinder by 0 25 D , it being borne in mind that 
in reality the sphere has been increased 0 125 D If the cross cylinder again 
demands that the cylinder be decreased by 0 25 D , then not only is the cylinder 
again reduced, but the sphere also is altered The new lens combination then is 
-f- 3 25 D sph 3 + 1 50 D cyl , ax 90 One half of the amount the cyhndei 
has been reduced has been added to the sphere 

Prangen (Some Problems and Procedures in Refraction, Arch Ophth 18 
432 [Sept ] 1937) stated 

When it IS used for strength the cross-cylinder alters both the sphere and the cylinder, 
and this alteration should be visualized If the cylindnc effect alone is thought of and the 
cylinder is changed without the sphere being checked, an increasingly distorted image will 
be produced, and the interval of Sturm w'lll be exaggerated instead of corrected 

Prangen credited J C Copeland, of the Riggs Optical Company, with calling 
to his attention the rule of spherical and spherocyhndric equivalents 

I have had no experience with obtaining by means of cross cylinders the 
spherical addition necessary for correction of presbyopia I do, however, under- 
stand that some men, particularly optometrists, use a grid chart of horizontal 
and vertical lines placed at the reading distance and by means of a pair of cross 
C 3 dinders balance the horizontal and vertical lines with respect to blackness by 
adding or decreasing spheres in the trial frame A cross cylinder is placed before 
each eye ivith the minus axis at 90 degrees , if the patient with presbyopia needs 
more correction, the vertical lines will be blacker Less sphere is indicated if the 
horizontal lines appear blacker 

Dr Charles Hymes, Minneapolis Several points in Di Morrison’s dis- 
cussion of m 3 ' paper need to be cleared up He believes that C 3 dinder retinoscopy 
IS employed 63 most refiactiomsts who use the retmoscope expertly This docs 
not indicate whether or not that group comprises a majority of refractionists 
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Such a lecent text as Maxwell’s (Maxuell, J T Outline of Oculai Rcfi action. 
Omaha, IMedical Publishing Company, 1937) states that m cylindci retmoscop\ 
the placing of the conecting cylindei in the wiong axis ci cates the icfleN: of 
mixed astigmatism, ^^hlch is piacticaliy impossible to coiiect Maxwell thus 
mfeientially adMsed against the use of cyhndei letmoscopy as a technic In the 
body of my papei this veiy point is discussed both as to its ncutiali7ation b\ 
means of the collecting cylindei ’s being shifted tow aid the tiuc axis of the 
astigiuatism of the eye and as to its actual nicasnicment by means of minus 
sphere and plus cyhndei 

Dr Moiiison appaiently confused the clinical sphciocylindiic equivalents 
(plural) discussed by Prangeii with the geonietiic sphei ocylmdi ic cquualenl ot 
obliquely ciossed cylinders which is the basis of my papci Piangen’s sphei o- 
cylmdiic equnalents aie equnalents of a sphei e and c^dlndel and not of obliqnel} 
crossed cylindei s In the example cited by him in his fine aiticle and cited b} 
Dr Moiiison, he ga\e ten diffeient foimulas foi the wniting of wdiat he rcfeiied 
to as an “equivalent piescription ” Aftei stating that the full collection of the 
astigmatism would be ideal, Piangen stated that it is often necessary to gne 
the eye a compiomise image oi paitial coirection foi the astigmatism by paitial 
obliteration of the interval of Stuim It is these compiomise collections wdiich 
he referied to as sphei ocylmdi ic equivalents, wdiich should be tried befoie e}es 
which reject full coriection because pieviousl) glasses had not been wmrn An) 
one of seieial of these compromise formulas may be equally acceptable to the 
same eye 

Perhaps the similarity m teiniinolog) was the confusing element, but it i> 
w'ell to emphasize that theie can be but one answer to a geometric piobleni 
not seveial 

I have but one moie suggestion to make legaidmg the use of the cioss 
cylinder m deteinimation of the coriectness of the sphere or the spherical addi- 
tion for presbyopia, that is, cross cylinders lefiact lays as cyhndei s, and not 
as sphere and c) hnder Thus, the conibmation of — 50 D sph -j- 1 00 D cyl 
ax 90 refracts lays as a cross cylinder, the — 50 D sphere diverges rays at 
all meridians, and the supei imposed -f- 1 00 D c) hnder, axis 90 convei ges all 
horizontal la^s to an equal distance m front of the original point of focus 
Thus, only the vertical rays continue to be dispeised by the — 50 D sphei e 
In other woids the function of the minus sphei e has been changed to that of a 
minus cylindei One cannot employ a simple c) hnder to test the accnraci of 
a sphere 
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The Art of Seeing By Aldous Huxley Price $2 50 Pp 143 New York 
Harper & Brothers, 1943 

(Reprinted jiom British Medical Journal) 

Aldous Huxley had bilateral keratitis at the age of 16 which leit him with greatly 
reduced vision As is common in such cases, his sight improved towards middle 
life After he had become an ardent devotee of the Bates method of visual training 
his vision improved so that it was “twice as good as before” To lepay a debt of 
gratitude to his benefactor and to make his art more widely known, Huxley has 
ventured into medical literature and written a book — The Art of Seeing 

Bates’s hypothesis is, of course, well known to the medical profession visual 
derangements and refractive errors aie due to a deformation of the eyeball by a 
condition of nervous and muscular strain in the extra-ocular muscles, for this 
reason, according to Bates, the refraction may change “a dozen times or more in a 
second,” if a child tells a he, and so on According to Huxley “disappointed love” 
can produce refractive errors , and myopia in children, while it may be influenced 
hy physical factors, is essentially due to the fact that school children “are often 
bored and sometimes frightened so that they emerge from the educational 

01 deal with myopia or some other defect of vision ” The universal treatment in all 
cases IS the induction of cerebral and ocular “dynamic relaxation,” on the achieve- 
ment of which the eye becomes normal This desirable condition is attained b> 
exercises which include palming (covering the closed eyes with the palms of the 
hands and imagining a beautiful scene), butterfly blinks, relaxed breathing, sunning 
(“letting go and thinking looseness” and turning the eyes to the sun) , swinging 
(rhythmic swaying of the body while looking out of a window to make the mind 
“friendly to movement” and “soothe” it “as do the movements of the ciadle”), nose- 
wiiting (rvriting with an imaginary pencil attached to the end of the nose), flashing 
wuth dominoes, shifting, rubbing and kneading the upper pait of the nape of the 
neck, and a host of other procedures which Huxley admits are undignified but 
which he assuies us permanentl} help the Msion 

Whatevei be the value of the exercises, it is quite unintelligent of Huxley to 
have confused their advocacy with so many misstatements regarding known scientific 
facts It has been shown that the hypothesis upon which these methods of treat- 
ment are based is wrong , but Huxley, while admitting he is ignorant of the mattei 
and unqualified to speak, contends that this is of no importance because the method 
works in practice and gives good results, it comes into the category of “art,” 
not of “science ” This argument is perfectly allowable, for in other spheres than 
medicine empirical methods have often produced effective results the lationale of 
wdnch may be mysterious The most stupid feature about his book, however, is 
that he insists throughout on the physiological mechanism whereby these exercises 
are supposed to work It wmuld at least have been logical if he had continued to 
allow the reader to assume that he w^as speaking in ignorance of anything except 
results He only borders on the ridiculous when he says that these methods result 
indirectly in the relief or cure of man}'^ serious diseases of the eyes, such as glau- 
coma, cataract, iritis, or detachment of the retina, because they “reduce nervous 
muscular tension, increase the circulation and bring back the vis medicatm 
naturae to its normal potenc)’^ ” Like the bone-setter w^ho treats by forcible manipu- 
lation every joint whether rheumatic or tuberculous, or most obsessionists w'ho 
believe that every virtue resides in one particular drug or practice, he treats all 
visual troubles as one all-embracing unity, all amenable to one sovereign remed} 

There is, of course, another side to the argument There would appear to be 
no doubt that these exercises have done Aldous Huxley himself a great deal of 
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eood Eveiy ophtlialmologist knows that, the} have made quite a nunibei of 
people with a similai functional affliction happy And every ophthalmologist 
equally knows that his consultmg-i oom has long been haunted by people whom 
they have not helped at all Huxley is quite light ^vhen he says that theie is a 
tendency for the ordinar}^ person, when theie is a fallmg-olif in vision, to “huri} 
off to the neaiest spectacle shop” and theie get fitted for a pair of glasses^ by 
some one who has “no knowledge of him as a physical oiganism or as a human 
individual ” Nothing could be worse medicine than the indisci iminatc and mechani- 
cal presciiption of spectacles He is quite light in saying that \isual disabilities 
are often muscular and often psychopathic in oiigm But eveiy competent ophthal- 
mologist tieats the former with cuiative exeicises (of a moie scientific type than 
those lecommended here), and, in the second case, at the least should advise the 
patient of the origin of his difficulties and suggest steps for then amelioiation 
For the simple neurotic who has abundance of time to play with, Fluxley’s antics 
of palming, shifting, flashing, and the lest are piobably as good treatment as an} 
other system of Yogi oi Coue-ism To these the book may be of value It is 
hardly possible that it will impress an} one endowed with common sense and a 
critical facult} It may be dangerous m the hands of the impiessionable who 
happen to suffer from glaucoma or detachment of the retina, and undoubtedly will 
be dangeious in the hands of the anxious paient of a myopic child wdio may be 
misled into neglecting the fundamental medical problems of giowth, constitution, 
endocimolog} , and rational ocular caie, and may be peisiiadcd to subject it to 
dangerous eye-strain m the absence of spectacles But the greatest value of the 
book will be to the psychiatnst as an intimate and leveahng self-study in psychology 

Sti:wart Duke-Eldhr 

Transactions of the American Ophthalraological Society. Seventy-Eighth 

Annual Meeting Volume 40 Pp 568 Philadelphia American Ophthal- 

mological Society, 1942 

These transactions present a statel} volume of the twenty-three papers read 
at the annual meeting. Hot Springs, Va, June 1 to 3, 1942, undei the presidency 
of the late Dr Allen Greenwood Among the subjects and authois may be men- 
tioned “Practical Importance of Aniseikonia,” Dr Edward Jackson, “A Repl} 
to Criticisms of Aniseikonia,” Di Walter B Lancastei , “The Effect of Mydnatics 
on the Intraocular Pressure in So-Called Pi unary Wide Angle Glaucoma,” Drs 
Peter C Kionfeld, H Isabelle McGairy and liomei E Smith, “Some Obseiva- 
tions on the Results of Desensitization in Tuberculous Intis,” Dis E V L 
Brown, Ernest E Irons and S L Rosenthal, “Expeiimental Studies in Oculai 
Tuberculosis,” Drs Alan C Woods and Earl L Bulky, “Alleigic Keiatocon- 
junctivitis, Drs C S O’Brien and J FI Allen, “Corneal Vascularization 
Problems, Drs Derrick Vail and K W Ascher, “Local Sulfonamide Theiapv 
Catarrhal Conjunctivitis,” Drs Phillips Thygeson and Alson E Braley, “Pre- 
cancerous Melanosis and Malignant Melanoma of the Conjunctiva and Skin of 
the Lids,” Dr Algernon B Reese, “A Colored Reflex from the Anterior Capsule 
of the Lens Which Occurs m Mercurialism,” Dr Walter S Atkinson, “Fibro- 
blastic Overgrowth of Persistent Tunica Vasculosa Lentis m Infants Born Pre- 
maturely, Dr T L Terry, and “Studies of the Fields of Vision in Cases of 
Rathke Pouch Tumors,” Drs Henry P Wagenei and J Giafton Love Some 
of these articles were also published in the Archives 

The volume concludes with the theses of the newly elected members “Pio- 
gressive Myopia A Possible Etiologic Factor,” Dr Edwin W Burton, “Endoph- 
thalmitis wnth Secondary Glaucoma Accompanying Absorption of the Crystalline 
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Lens,” Dr Robeit H Courtney, “Fuithei Obseivations on Autofuncloscopy (Auto- 
Ophthalmoscopy of Eber, Purkmje Figure of Walker),” Dr Leslie C DrewSj 
“Herpes Zoster Ophthalmicus Repoit of Cases and Review of the Literature,” Dr 
Ambrose Earl Edgerton , “The Ocular Pathology of Methyl Alcohol Poisoning,” 
Dr Walter H Fmk, “Transscleral Lacrimal Canaliculus Transplants,’ Dr Glen 
Gregory Gibson , “An Experimental Study of Indodialysis,” Dr George L 
Kilgore, “The Use of Conjunctival Flap in Cataract Extraction,” Dr Walter 
Moehle, and “Objective Strabismometiy m Young Children ” Dr Maynard C 
Wheeler 

The new editor of the ti ansactions. Dr Wilfred E Fry, is to be complimented 
on the excellent appearance ol this volume Arnold Knapp 
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PERIPHERAL RETINAL HOLES WITHOUT DETACHMENT 


ARNOLD KNAPP, MD 

NEW YORK 

In the following 5 cases, holes in the penpheiy of the retina were observed 
without detachment I am purposely leaving out of this consideiation cases of 
macular holes, as these have a different causation and a different course The 
impoitance of retinal holes in the causation of retinal detachment is geneially 
accepted, therefore I may be justified in leportmg these cases to illustrate that 
retinal holes may occur without detachment 

Case 1 — J R M , a woman aged 61, complained on Aug 26, 1908 tliat the sight in the left 
eye had become clouded ten days previously There were present fine opacities of the ntreous 
and some edema of tlie retina in tlie nasal periphery, but no detachment There was an 
irregular hole of about disk size just below tlie horizontal meridian in the nasal periphery 
in ivhich the choroidal vessels could be distinctly observed At the margin the retina appeared 
brownish, possibly because of choroidal pigmentation On Jan 9, 1909, four months later, 
the edema and the hole in the retina were unchanged The patient was then lost sight of 

A ^ ^Sed 53, had an intracapsular extraction done on the right eye on 

April 12, 1928 There were no complications, and normal vision was obtained On March 2S 
1935 the patient complained that a shadow had been present before the right eye for one 
week Vision with glasses was 20/20— In the upper and outer periphery the retina was 
grayish, and a definite hole was present, but no detachment Tins hole, about Vo disk diameter 
was round with grayish margins and a hd hanging down like a flap It was directly next 
to one of the larger vessels There was no detachment The patient was observed at regular 

last seen on May 19. 1942, seven years after the onset of the 
I I the right eye was 20/20, there had been no change in the retina 

or in the hole and there was no ophthalmoscopic evidence of choroidal changes 

Case 3 -M J F, a woman aged 60, complained on Dec 2, 1937 of a sudden obscuration of 
-60?D Tnh examined the following day the vision with a correction of 

6 00 D sph _ —450 D cyl , axis 180 was 20/200 There was a field defect in the 
ower and ini^r quadrant There was a considerable number of opacities from blood in 
the vitreous On December 6 the vision had improved, the field was fess contracted and the 
fundus was dearer A semicircular hole, about K disk diameter, with a wrinkled marmn 
above, could be distinctly seen m the retina at 11 o’clock The patient was treated with rSt 
subconjunctival i^ections of saline solution and administration of vitamin C When she was 
seen on Jan 8, 1942 the vision with elasse«! wpc ?n/in vvnen sne was 

s - rr s M : IHr S H v “ 

a second and much smaller linear hole The entire aSi was ?utlinS'*hr a'er 

SriV'W"* pattern wafS set? ™ 

eyeta?bte7L^^edfer fhe'Zon was “o/srlL^w d* 

hZr."LtZ"’“‘ 

^^^^Read before .he Section of Ophthalmology, New York Academy of Medicine, April w' 
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axis 60 was 20/30 There were recent opacities of the vitreous (blood), and at about 1 o’clock 
there was a vertical oval hole with a grayish opacity at the nasal margin like a wrinkled 
flap There was no detachment The right eye was blind from an old detachment On Oct 10 
1929, the vision of the left eye with glasses was 20/30 The vitreous was clear The hole in 
the retina could be easily seen, and one margin protruded into the vitreous There were no 
choroidal changes On Jan 9, 1930, six months after the onset of the trouble, the vision 
became worse, a detachment was definitely present, surrounding the area of the retinal hole 
m the upper and outer quadrant The patient was then operated on 

To recapitulate, in case 1 there was a round hole of about 1 disk diameter 
in the nasal periphery of the retina The margin of the hole was faintly pig- 
mented, suggesting a chorioretinal adhesion There was no detachment The 
patient was lost sight of after four months In case 2 a small hole developed 
m an aphakic eye near a blood vessel m the upper and outer periphery of the 



Peripheral retinal holes without detachment (cases 1, 2, 3, 4 and 5) 

retina The margins of the hole were gray and a lidlike flap hung down from 
above There was no detachment This case was observed for seven years Tliere 
was no change In case 3 tw'o retinal holes were present in the upper and tem- 
poral peripher)'^ of the retina This area became shut off by a line of choroidal 
pigmentation There was no detachment The case was followed for five years 
In case 4 there was a hole in the upper and outer periphery with a stationary 
operculum but no detacliment This operculum can be explained only b)’’ the 
presence of a detachment of the \utreous No change occurred, the patient died 
three months later In case 5 there w^as an oval hole in the upper and outer 
periphery with a wrinkled flap attached to the nasal margin There was no 
detachment Six months later a detachment developed in this part of the fundus 
The other eye w^as blind from an old detachment 




knapp—peripheral retinal holes 


587 


In 3 of these cases the lesion began with a hemoiihage into the vitreous It 
IS important to remember that hemoi rhages into the vitreous m older persons may 
lesult fiom a tear m the retina and are not necessarily due to aiterioscleiosis, a 
fact to which Vogt ^ has drawn attention 

A study of the literature reveals that holes without detachment aie not unusual 
I have found the following references 

Gonin^ stated the belief that ceitain tears, especially perfoiations of atiophic 
origin or more unusually disinseitions, may not always oi immediately be followed 
by a detachment in the sunounding retina 

Arruga “ published drawings illustrating 2 cases in which the teai was sui - 
rounded by pigmentation, which indicate a healed mflammatoiy process and a 
circular hole with a fieely suspended operculum 

Lmdnei ^ stated the belief that spontaneous letinal tears without detachment 
are explained by an adhesion between the letina and the choioid which prevents 
the development of a retinal detachment 

Vogt reported 3 cases of traumatic teais at the oia in which the symptoms 
came on late, and 2 of spontaneous lound holes with freely suspended operculums, 
without detachment 

Sabbatini ® leported 5 cases of letinal holes without detachment About the 
holes chorioretinitis was piesent The margins of the holes were not everted, and 
there were no signs of ti action of the vitreous In 1 case the hole was seen to 
heal The edges lost then grayness, and new choroidal aieas developed The 
usual subjective symptoms were absent 

Jeandelize and Baudot ^ on casual examination of the eyegrounds of patients 
undergoing refraction discovered 3 retinal tears without detachment One was at 
the ora One was in the peripheiy and was round, vith pigment along the 
macular border A third was oval and largei than the disk, with exposed choroidal 
vessels and some pigment along the bordei 

Burch ® repoi ted on an extensive tear in the retina which was iindei observation 
foi twelve weeks without the development of a letinal detachment The tear was 
2 mm in breadth and extended along the supeiior tempoial vessels 3 disk diameters 
from the disk to the peripheiy 

Genet® reported 1 case of a round hole in the retina with choioidal changes 
after hemorrhage into the vitreous He said that a hole alone is not sufficient 
to cause detachment There must be m addition histologic lesions in the retina, 
m other words, the retina cannot be sound Amsler m the discussion said that 
there must always be changes in the choroid, letina and vitreous to produce "a 
retinal hole 


1 Vogt, A Photographic einer Bienenwabenmakula bei Retinitis pigmentosa luvenihs 
Klin Monatsbl f Augenh 102 519, 1939 

2 Gonin, J Le decollement de la retine, Pans, Payot & Cie, 1934, p 77 

3 Arruga, H Detachment of the Retina, translated by R Castroviejo, New York B 

Westermann, 1936, p 76 ' 

4 Lindner, K Zur Khmk des Glaskorpers, Arch f Ophth 137 183, 1937 

5 Vogt, A Die operative Therapie und die Pathogenese der Netzhautablosung Stuttgart 

Ferdinand Enke, 1936, p 123 ’ ® ’ 


6 Sabbatim Rotture retiniche senza distacco, Atti Cong Soc oftal ital , 1935, p 763 

7 Jeandelize, P , and Baudot, R Aspects de dechirure retmienne sans decollement 
appreciable, Ann docul 170 515, 1933 


8 Burch, F E Extensive Retinal Tear, Am J Ophth 21 669, 1938 

9 Genet, L Dechirures retiniennes sans decollement. Bull et mem Soc franc d’opht 
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Guillot 1 egularly explored the retinal periphery in all myopes who com- 
plained of recent opacities and found several holes without detachment or with 
limited detachment 

Nico Trantas wrote that A Trantas insisted on the existence of retinal holes 
without detachment in myopic eyes His 5 cases were insufficiently reported 
Mention was made of the importance of examining the periphery of the eyeground 
with the aid of digital pressuie in cases of sudden opacities of the vitreous 

Arruga said that if a detachment does not follow a hole an adhesion of the 
retina to the choroid must be present to pi event the escape of fluid underneath 
the retina 

Hanssen/® in a study of the development of detachment in myopic eyes, 
examined histologically 37 myopic eyeballs without detachment In 26 there were 
partial thinning of the retina, cystoid degeneration, slight tears in the inner retinal 
layers and direct holes Of the eyes with the changes situated in the anterior 
part of the eyeball, slight tears were present in 4 and holes m 3, while in the 6 
eyes with changes at the equator there were 2 holes Hanssen regarded the retinal 
hole as the most important predisposing cause of detachment He stated the 
belief, however, that to produce detachment degenerative changes in the vitreous 
and reduced intraocular pressure must also be present 

These authors explained retinal holes without detachment by the formation of 
chorioretinal adhesions While it is clear that an adhesion between the retina and 
choroid can prevent detachment, choroidal changes were not apparent on ophthal- 
moscopic examination in 3 of my cases and another explanation should be con- 
sidered It may not be out of place to see how these cases fit into the present 
mteipretation of the formation of so-called idiopathic retinal detachment 

Retinal holes without detachment belong to Gonin’s second group round, 
relatively small holes situated in the equatorial zone or just anterior to it and 
usually in the lateral or inferior part in a retina which is only slightly raised 
This tj'^pe IS due to cystoid degeneration or atrophy of the retina resulting from 
nutritional disturbances, together with disease of the choroid and deep changes 
in the vitreous (Amsler and others 

In addition, an adhesion of the vitreous to the retina is believed to be present 
Adhesions between the hyaloid membrane and the internal limiting membrane 
occur in every healthy eye, especially at the base of the vitreous The cause for 
this adhesion is not known , it is assumed to result from pathologic processes such 
as degenerative or inflammatory changes in the retina, as had been suggested by 
histologic examination In a case of Sourdille’s,^® adhesion of the operculum to 
the vitreous was present, and the torn-out piece of retina showed inflammatory 
changes which were believed to explain the adhesion of the vitreous Vogt ® came 
out definitely with the view that degenerative changes must be present in the 

10 Guillot, P Des dechirures retiniennes sans decollement, Bull et mem Soc frang 
d’opht 48 317, 1935 

11 Trantas, N Sur I’operation du decollement de la retine par diathermo-coagulation 
d’apres la methode de Weve, Bull et mem Soc frang d’opht 50 234, 1937 

12 Arruga, H Etiology and Pathogenesis of Retinal Detachment, Arch oftal hispano-am 
33 312, 1933 

13 Hanssen, R Zur Entstehung der Netzhautablosung, Klin Monatsbl f Augenh 74 
778, 1925 , 75 463, 1926 

14 Amsler, M, and others, in Bailliart, P , Coutela, C , Redslob, E, and Velter, E 
Traite d’ophtalmologie. Pans, Masson & Cie, 1939, vol 5, p 525 

15 Sourdille, G fitude histologique de 2 cas recents de decollement de la refine, Cong 
Soc frang d’opht , 1932, p 236 
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retviia befoie a luptuie can take place These changes consist in cystoid degenera- 
tion and nutritional disturbances in the retina without involvement of the vitieous 
Lebei stated the belief, and his views were accepted by Gonin and Lindnei, 
that luptuie of the retina occuis at the place wheie adhesion between the vitreous 
and the letina has taken place 

Changes in the vitieous aie paiticulaily impoilant in the pathogenesis of retinal 
detachment It is geneially accepted that the vitreous undergoes liquefaction and 
coiiti action and that a detachment of the vitreous ensues Lister stated the 
belief that detachment of the vitreous is common and is due to actual conti action 
of the vitreous or its liquefaction This author suggested that traction of an 
adhesion between the retina and a contracting vitreous is sufficient to cause a rent 
This tearing could be more easily produced on sudden rotation of the eye, especially 
if the letina was weakened by cystic degeneration Lindner^® favored the role 
of the vitieous in the development of a detachment and said that a posterior 
detachment of the vitreous is essential Especially important is the partial fluidifi- 
cation of the vitreous, this makes traction of the vitreous uneven and leads to 
luptuie of the vitreous or retina with escape of fluid from the vitieous Lindner^® 
has examined histologically many eyes with retinal detachment and found that 
the detached vitreous was adherent to the peripheial maigin of the retinal tear and 
that the subvitreous space and subretinal space weie m communication Sallmann 
and Riegei proved clinically the presence of a detachment of the vitieous in 
nearl} all cases of retinal detachment The clinical examination was made possible 
by the use of Lindnei’s angular micioscope and a contact glass Unfortunately 
only a pai t of the fundus about the posterioi pole can be examined by this method 
and a clear vitieous is essential Sallmann has demonstrated the frequent 
presence of a detachment of the vitreous in freshly enucleated eyes Bock was 
fortunate enough to make a satisfactory examination of the vitreous m 2 cases of 
retinal detachment befoie and after opeiation In these cases an adhesion between 
the peripheial margin of the hole and the vitreous was observed and the adhesion 
persisted after the successful operation Vogt accepted the statement that detach- 
ment of the vitreous is frequently present in cases of detachment of the retina 
but claimed that it occuis even more fiequently without such detachment in senile 
and myopic eyes and m eyes with senile and presenile destruction of the frame- 
work of the vitreous He had never observed a case of detachment of the vitreous 
in which a detachment of the letina subsequently appealed 

Best drew attention to the clinical fact that localization of the tear is three 
times as frequent in the upper pait as elsewhere, and the same proportion holds 
tiue for the site of detachment Hence it is clear that gravity must play a definite 
role and increase the pull of the vitreous 

16 Leber, T, m Graefe, A, and Saemisch, E T Handbuch der gesamten Augenheil- 
kunde, Berlin, Julius Springer, 1916, vol 7 

17 Lister, W Detachment of the Vitreous, Tr Internat Cong Ophth, 1922, p 63 

18 Lindner, K Zur Klinik des Glaskorpers, Arch f Ophth 137 158, 1937 

19 Lindner, K Zur Klinik des Glaskorpers, Arch f Ophth 137-170, 1937 

20 Sallmann, L, and Rieger, H Ueber hintere Glaskorperabhebung bei Ablatio retinae 
Arch f Ophth 133 75, 1934 

21 Sallmann, L Zur Anatomic der hinteren Glaskorperabhebung, Arch f Ophth 135 
593, 1936 

22 Bock, J Ueber den klinischen Nachweis der Anheftung des Glaskorpes am Rissrand 
bei Netzhautabhebung, Arch f Ophth 140 468, 1939 

23 Best, F Zur Pathogenese der Netzhautablosung, Ber u d Versamml d onhth 

Gesellsch 33 186, 1906 ^ 
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The movement of the vitreous is another important factor in the development 
of a detachment Best has demonstrated that m every movement of the eyeball 
the vitreous undergoes movement, exerting a pull on the peripheral parts where 
the hyaloid membrane adjoins the internal limiting membrane of the retina 
Lindner^® has particulaily emphasized the importance of ocular movements, and 
his interesting experiments have confirmed Lister’s views that the rotating and 
torsional movements are the more powerful Vogt^® had also accepted the<role of 
movement of the vitreous in the development of a detachment and mentioned the 
enoimous whirling of the framework in the myopic and senile vitreous when this 
IS examined with the slit lamp microscope According to Lindner the vitreous 
pulls on the retina during rotating and whirling movements of the eyeball and 
causes a rupture just at the margin of the attachment of the vitreous 

The nondevelopment of a retinal detachment may be due to the absence of any 
one of these factors 

It seems reasonable to assume that in the case of ceitam types of holes the 
changes in the retina are a sufficient explanation and that in the case of letinal 
holes without detachment the changes in the vitreous are not developed to the extent 
necessary to cause detachment If one leaves aside the question of adhesion and 
traction of the vitreous, the fact that a detachment did not occur in the cases 
desciibed in this article must mean that there was no access to the subvitreous 
fluid or that if the vitreous was not detached there was no tear in the hyaloid 
membrane to permit escape of fluid from the vitreous 

When detachment of the vitreous is absent, changes in the texture of the 
vitreous were assumed by Vogt, such as partial liquefication with formed vitreous 
elements, which on whirling movements of the eye traumatize a weakened retina 
at the site of an adhesion 

As for treatment, the patient naturally should be kept under observation and 
examined for the presence of a detachment of the vitreous Amsler expressed 
the opinion that a retinal tear should be operated on even if no detachment has 
occurred I agree with Vogt that an operation is not necessary before the detach- 
ment develops At the same time a history of detachment in the other eye is 
ominous, as in case 5 of my series, and suggests that similar changes probably will 
occur in the recently affected eye The operation before the retina becomes detached 
should be a simple one 

10 East Fifty-Fourth Street 

24 Best, F Der Glaskorper bei Augenbewegungen, Klin Monatsbl f Augenh 42 538, 
1904 

25 Lindner. K Prevention of Spontaneous Retinal Detachment, Arch Ophth 11 148 
(Feb) 1934 
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CARBAMINOYLCHOLINE CHLORIDE IN PETROLATUM 


KENNETH C SWAN, MD 

IOWA CITY 

f * V 

Caibaminoylcholine chloiide is a s}nthetic diug intioduced in 1932 as a long- 
acting substitute foi acetylcholine The diug pioduces miosis and cyclotonia and 
deci eases intraoculai pressuie, consequently, it is used as an agent in the treatment 
of glaucoma Carbaminoylchohne chloiide is poorly absoibed fiom the conjunctival 
sac when instilled in simple aqueous solutions , however, O’Brien and Swan ^ found 
that when piecautions were taken to insure absorption, carbaminoylchohne 
chloiide had a more intense and piolonged hypotensive effect on glaucomatous 
eyes than had coiiespondmg doses of pilocarpine salts They obseived that the 
addition of a suiface tension-i educing agent, zephiian chloiide, facilitated penetia- 
tion of carbamino 3 dchohne chloiide from aqueous solutions into the normal cornea 
However, other precautions are necessaiy to insure absorption The solution of 
the drug must be admmisteied so that it covers the cornea, and the lids must be 
kept closed to maintain good contact between the coi nea and the solution for at least 
seveial minutes Massage of the coinea thiough the lids furthei enhances absoip- 
tion Recent investigations have suggested a simpler and more effective method 
of administration of the drug 

Swan and White ^ demonstiated that the physical piopeities of the diug and 
the vehicle profoundly affect the late of penetiation of a given drug into the cornea 
The relative affinities of the drug for the cornea and for the vehicle are particularly 
important Most substances of low surface activity, high affinity for water and low 
affinity foi lipids enter the normal coinea slowly when administered m simple 
aqueous solutions When these substances aie admmisteied as a suspension m 
pure olive oil oi petrolatum, penetration is rapid Carbaminoylchohne chloride 
has the physical propeities of this class of substances, consequently, it should be 
most effectively administered as a suspension in puie oil 


PRESENT STUDY 

Expeiiments weie made on the eyes of albino rabbits Effectiveness of absoip- 
tion of caibaminoylcholine chloiide was judged by tbe onset, intensity and duration 
of miosis pioduced by contact of a given concentration of the drug with the cornea 
for specific periods An ointment base of pure petiolatum® was observed to be 
a considerably more effective vehicle than zephiran solution (1 3,500) or zephiran 
jelly (1 2,000) and many times moie effective than distilled water The addition 
of hydious wool fat to the petrolatum resulted in decreased absorption, probably 
because the hydrous wool fat contained sufficient water to retain the hydrophilic 

From the Department of Ophthalmology, College of Medicine, State University of Iowa 

This paper is part of a study being conducted under a grant from the John and Marv 
R Markle Foundation 

1 O’Brien, C S , and Swan, K C Carbaminoylchohne Chloride in the Treatment 
of Glaucoma Simplex, Arch Ophth 27 253 (Feb ) 1942 

2 Swan, K C , and White, N G Factors Affecting Penetration of Drugs into thf^ 
Cornea, Am J Ophth 25 1043, 1942 

3 The consistency of the ointment was adjusted by mixing liquid petrolatum U S P 

and white petrolatum A stable and even suspension was readily obtained, as carbamin r1 
choline chloride was available in sealed ampules as a fine, dry powder ^ 
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carbaminoylcholme in the ointment and to prevent its transmission into the coinea 
When the corneal epithelium was removed or damaged, diffeiences in the effective- 
ness of the vaiious vehicles were reduced gieatly 

In clinical experiments the ointment was presciibed in small ophthalmic tubes 
with pointed tips to facilitate self administration and accurate dosage Patients were 
instructed to look into a mirror and squeeze out a quartei of an inch (06 cm ) 
of ointment (0 05 cc ) onto the conjunctival side of the everted lowei hd and then 
to look down in oider to bring the ointment into contact with the coinea They 
were advised that tempoiary blurring of vision occurs as the ointment .spreads 
on the cornea and that this blurring indicates that the ointment is properly applied 

Clinical experiments were made on a group of 15 eyes (9 patients) with chionic 
noncongestive glaucoma Pilocarpine administered three to four times daily was 
ineffective in controlling the tension or in preventing visual loss Carbamiiioyl- 
cholme chloride (15 per cent in 0 03 per cent solution of zephiran chloride) 
administered three to foui times daily was effective in maintaining the tension 
below 30 mm mercury (Schij^ftz) and in preventing loss in the visual fields in 11 
of the 15 eyes during periods of five months up to thiee years However, carba- 
mmoylchohne chloride (15 per cent) in petrolatum administered only twice daily 
was equally effective in controlling the tension m these 11 eyes In 2 eyes the 
tension was not consistently controlled by carbaminoylcholme chloride in solution 
of zephiian chloride when the drug was administered at home three to four times 
daily, but administration of the ointment twice daily at home was successful In 
the fourteenth and fifteenth eyes, carbaminoylcholme chloride m any vehicle did 
not effectively control the tension, although miosis (2 5 mm pupil) and spasm of 
accommodation (0 75 to 2 75 D ) were maintained moie consistently with the oint- 
ment than with zephiran solution or zephiran jelly 

The clinical studies indicated that a suspension of carbaminoylcholme chloride 
in pure petrolatum was more effective than the same percentage of carbammoyl- 
eholme chloride in solution of zephiran chloride, particularly when applications of 
the drug were made by the patient or by his family Only 3 of the 9 patients 
considered that admmistiation of the ointment was more difficult than that of the 
carbaminoylcholme chloride-zephiran solution All found the ointment to be more 
economical, as less frequent administrations were required 

SUMMARY 

Carbaminoylcholme chloride has a high affinity for watei and a low affinity foi 
lipids Like other substances with these properties, it penetrates the normal 
human and rabbit cornea more readily when administered as a suspension in a pure 
petrolatum base than when given m simple aqueous solutions, m a solution zephiran 
chloride or m ointment bases containing hydrous wool fat In the treatment of 
chronic noncongestive glaucoma, administration of carbaminoylcholme chloride m 
petrolatum is more effective and economical than other methods of administration 
of the drug 

Department of Ophthalmology, University Hospitals 



GUIDES IN THE OPERATIVE (COSMETIC) TREATMENT 
OF NONACCOMMODATIVE CONCOMITANT 
SOUINT IN ADULTS 

MAJOR H SAUL SUGAR 

MEDICAL CORPS, ARMY OF THE UNITED STATES 

The question as to how one can be guided in determining the amount of opeiative 
coirection and the selection of the pioper muscles for opeiation foi lelief of squint 
has been raised many tunes Many diverse answeis have been given The amount 
of coriection desciibed as obtainable with a measuied amount of shortening or 
lengthening of a specified muscle has varied greatly So many variable factois 
were found m the lepoits that it was felt that a senes of opeiations for squint m 
which the vaiiables were minimized would give valuable information Such a 
series of operations weie perfoimed at the Barnes General Hospital during a period 
of approximately one year 

MATERIAL AND METHOD 

The group consisted of 65 operations on the internal and external rectus muscles of male 
Army personnel, ranging in age from 20 to 49 years All operations were performed by the same 
surgeon No patients with pronounced anomalous retinal correspondence, strabismus fixus, accom- 
modative squint or a marked vertical component were included m this senes In addition, a 
considerable number of men with alternating divergent squint, especially those of the divergence 
excess type, were excluded because the preoperatne deviation under cover varied considerably 
at different examinations After operation the angle did not vary, but at times the post- 
operative deviation was greater than the deviation before operation Patients of this type 
should have a period of monocular occlusion before examination In addition, the cover should 
not be alternated as rapidly in examination of these patients as m tests on persons with other 
types of squint 

The angle of squint was measured by the cover test, for both 20 feet (6 meters) and 
33 cm , loose prisms being used for all patients with normal fixation in each eye With the 
patients whose fixation was eccentric or poor, the perimeter was used for measurement 

Each patient was tested for the possible development of postoperative diplopia due to the 
presence of pronounced anomalous retinal correspondence before operation by placing the full 
prismatic correction which was necessary to stop movement of the eye under cover before 
the uncovered eyes and determining whether diplopia was present If an annoying diplopia 
appeared, the probability of such a postoperative condition was explained to the patient 
Usually operation was not done under such circumstances 

Only two types of operative procedure, resection and recession, were included m this series, 
not only because this limitation in the range of operations was desirable but because these 
two procedures have been adequate m correcting safely practically all types of horizontal 
strabismus In some patients with divergent squint, complete tenotomy of one or both external 
rectus muscles was necessary to obtain parallelism These patients were not included, how- 
ever 

The resection operation used was the Lancaster procedure, modified as follows The 
conjunctiva was incised vertically m a separate layer just m front of the insertion of the 
muscle Tenon’s capsule was then incised vertically The cut edge of the conjunctiva and 
capsule on the side away from the limbus was lifted so as to expose the muscle and the 
capsular reflections The latter were cut as far back as the resection was expected to extend 
A Prince forceps was introduced and clamped on the muscle just in front of the measured 
amount of muscle to be resected The tendon was then severed just behind its attachment 
to the sclera Two double-armed 0000 mild chromic sutures were passed through the stump 
from within outward Each was then passed through the muscle just behind the Prince 
forceps, from within outward, and then tied over the muscle The forceps was removed 

From the Eye Clinic, Barnes General Hospital, Vancouver, Wash 
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and the excess muscle resected Tenon’s capsule and the conjunctiva were closed with a 
continuous silk suture 

The recession operation used in this series was the Jameson procedure, modified as follows 
The conjunctiva was incised vertically in a separate layer just m front of the insertion of the 
muscle Tenon’s capsule was similarly incised, and the cut edge of the capsule and con- 
junctiva on the side away from the limbus was lifted so as to expose the muscle and the 
capsular reflections The latter were cut, and a strabismus hook was inserted under the 
muscle at its attachment A single-armed 0000 chromic catgut suture on an atraumatic needle 
was whipstitched into each side of the tendon just behind its attachment The hook was 
removed and the tendon attachment severed, the sutures being used for traction The muscle 
was then retracted, and the needle of each suture was passed through the superficial layers 
of the sclera Each suture was then tied separately The conjunctiva and Tenon’s capsule 
were closed with a continuous silk suture 

In all the operations local anesthesia w'as used, both by instillation and by injection 
A 5 per cent solution of cocaine hydrochloride was used by instillation m six doses of 1 drop 
each at two minute intervals One-half cubic centimeter of a 2 per cent solution of procaine 
hydrochloride was injected deep into each muscle to be operated on, so that no conjunctival 
infiltration occurred A single silk traction suture was placed near the limbus on the side of 
the muscle to be operated on After operation, binocular occlusion was used for five days with 
patients both of whose horizontal rectus muscles were operated on or on whom a resection 
was done and for three days with patients on w'hom only a recession was performed In all 
but 1 patient only one eye was operated on at a time Conjunctival sutures were removed 
on the fifth postoperative day When the reaction had subsided and the eye had paled, 
measurements of the residual angle of deviation were made in exactly the same manner as 
that employed m the original examination 

AMOUNT OF CORRECTION OBTAINABLE BY OPERATION 

Theoi etically, 1 mm of movement of the eyeball should move the optic axis 
5 degrees of arc This value is based on the fact that the circumference of the 
eyeball is 72 mm Movement of the insertion of a single muscle 1 mm should 
result m the optic axis being moved half that amount unless it is balanced by a 
movement of the antagonistic muscle in the opposite direction to the same degree 
Howe%er, the theoretic degree of correction of a muscle does not agree with that 
observed in practice, owing to such factors as the fascial attachments, the relative 
strength of the muscles, the muscle operated on and the convergence-divergence 
relation In patients with monocular concomitant squint, if one eye is constantl> 
held in one position, either of convergence or of divergence, there is an mhibitional 
(Chavasse) lack of ability to rotate the eye completely in the opposite direction 
even if the nonsquinting eye is occluded This defect is innervational and does 
not represent a true paresis, but it does affect the relative strength of the two 
muscles 

Lancaster ^ pointed out that movement of the insertion of a single muscle 1 mm 
results in a change of 4 prism diopters of deviation for squints of small degree 
In a large eye 1 mm of shift of the center of the cornea results in a correction 
of less than 5 degrees,^ while in a smaller eye such a shift results m a correction 
of more than 5 degrees Wiener and Alvis ® expressed the opinion that 1 mm of 
change m the muscle insertion results in a change of roughly 10 prism diopteis 
( approximately’^ 5 degrees of change), if balanced by operation on the opposing 
muscle 

1 Lancaster, W B Graduate Lecture read at the meeting of the American Academj 
of Ophtlialmology and Otolarj-ngologj, 1940 

2 Lancaster, W B, in Berens, C The Eje and Its Diseases, Philadelphia, W B 
Saunders Companj, 1936, p 1136 

3 Wiener, M, and Ah is, B Y Surgery of the Eye, Philadelphia, W B Saunders 
Companj, 1939, p 3c6 
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It IS obvious that there is a diffeience in the amount of correction obtained 
depending on whethei the opeiation is a lengthening or a shortening piocess and 
on whether the internal or the external rectus muscle is concerned Jameson •' 
stated that 1 mm of recession results m 5 degrees of correction if done on the 
internal rectus muscle and in only 2 degrees of coriection if done on the external 
lectus muscle In other words, a 5 mm recession of the mternus lectus muscle 
Mould result m 20 to 25 arc degiees of correction, and a 5 mm recession of the 



Combined Recession and 
Resection ( Mm.) 

Graphic representation of the average correction (for a distance of 20 feet [60 cm ]) obtain- 
able bj combined resection and recession of the horizontal rectus muscles 

In this figure, values for alternating convergent strabismus are indicated by a solid line, 
values for monocular divergent strabismus, by a line of dots , values for monocular convergent 
strabismus, by a broken line, and values for alternating divergent strabismus, by a line of 
dots and dashes 


exteinus rectus muscle would give one-thud that correction Worth® stated that 
1 ram of recession corrected 4 degrees of deviation if done on the mternus rectus 
muscle and 2 degrees of deviation if done on the externus lectus muscle Gifford 


4 Jameson, P C Entity of Muscle Recession, Arch Ophth 21 362 (Feb ) 1939 

5 Worth, C Worth’s Squint, ed 7, edited by F Bernard Chavasse, Philadelphia, 

P Blakiston’s Son & Co , 1939, p 583 » > 

6 Gifford, SR A Textbook of Ophthalmology, Philadelphia, W B Saunders Com- 
pany, 1938, p 393 
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expressed the belief that 1 mm of recession coriected 3 degrees of deviation it 
done on the inteinus rectus muscle and only 1 5 degrees if done on the exteriius 
rectus muscle According to Peter/ 5 mm of recession in a case of conveigent 
squint corrects 11 to 12 degrees of deviation at the most, and with good technic, 
a combined recession and advancement may give a net collection of as much as 
25 degrees, although in most cases it may be 5 to 7 degrees less 

Dunnington and Wheeler® found that the average coriection resulting from 
a single recession of 4 mm was 7 3 prism diopters With a simultaneous recession 
of 4 mm and a resection of 10 mm on the same eye, an average of 40 prism diopters 
of correction was obtained Gibson ® found that in cases of convergent squint with 10 
to 20 degrees of deviation, 4 to 6 mm of correction, divided between the two muscles, 
was necessaiy For a deviation of 25 to 35 degrees he found 6 to 8 mm of total 
correction to be necessary Foi a deviation of 40 to 50 degrees he recommended a 
total correction of 9 to 10 mm , and for squint of over 50 degiees, a total coirection 


Table 1 — Alternating Convergent Stiabismus 
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of 12 mm He observed that under identical conditions more correction was usually 
attained by combined recession and resection on one eye than by bilateral i ecession 

My own results indicate a significant variation in the amount of correction 
obtainable with the same amount of resection or recession of either of the hoi izontal 
rectus muscles The present series of 65 operations are classified as follows, the 
average amount of correction obtained for each millimeter, 5 mm and, in combined 
operations, 7 mm of recession or/and resection being indicated after each type 
These values, it should be noted, are not absolute, but have served as excellent 
guides in successful treatment in subsequent cases 

Convet gent Squint — (a) Alternating Type ( 19 operations , table 1) Each milli- 
meter of recession of the internal rectus muscle resulted in a correction a\ei aging 


7 Peter, L C Present Status of Tendon Transplantation of the Ocular ^luscles, 
Am J Surg 42 30, 1938 

S Dunnington, J H, and Wheeler, M C Operative Results in Two Hundred and 
Eleven Cases of Convergent Strabismus, Arch Ophth 28 1 (Julj) 1942 

9 Gibson, G G “^nabsis of Operative Results in Concomitant Strabismus, Arch Ophth 
23 477 (Zifarch) 1940 
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2 4 pi ism diopters for distance and 3 pi ism diopteis for neai vision (foi 6 recessions 
of 2 to 5 min each) A 5 mm lecession of the internal rectus muscle alone resulted 
111 a coirection avei aging 9 3 pi ism diopteis foi distance and 14 o prism diopters 
for near vision 

Each millimeter of resection of the external lectus muscle lesulted in correction 
a^ eraging 1 9 prism diopters for distance and 1 S prism diopters for near vision 
(for 6 resections of 3 to 6 mm ) A 5 mm resection of the exteinal lectus muscle 
alone resulted in a correction averaging 9 5 prism diopters for distance and 10 5 
prism diopters for near vision 

Each millimeter of combined recession of the internal rectus muscle and resec- 
tion of the external lectus muscle (7 opeiations) lesulted in an aveiage correction 
of 2 8 prism diopters for both distance and near vision (for 4 to 7 mm of correction 
of each muscle) The correction obtained from a combined 5 mm resection and 
recession on each muscle averaged 23 prism diopters for distance and 22 6 pi ism 

Table 2 — MonocuJai Convergent Sitabtsmus 
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diopters for near vision In a single case a combined 7 mm resection and recession 
on each muscle resulted in 55 prism diopters of correction for both distance and 
near vision 

(&) Monocular T}^e (20 operations, table 2) Each millimeter of lecession 
of tlie internal rectus muscle lesulted in correction averaging 2 4 prism diopters 
for distance and 2 5 prism diopters for near vision (for 4 recessions of 2 5 mm ) 
A 5 mm recession of^ the internal rectus muscle alone resulted in a correction 
averaging 16 5 prism diopters for distance and 13 5 pi ism diopters for near vision 
Eadi millimeter of resection of the external rectus muscle resulted m correction 
averaging 2 1 prism diopters for distance and 2 prism diopters for near vision (for 
2 resections of 4 to 5 mm ) A 5 mm resection of the external rectus muscle 
alone resulted in a correction of 12 prism diopters for both distance and near nsion 
Each millimeter of combined recession of the internal rectus muscle and resec- 
tion of tlie externus rectus muscle (14 operations) resulted m a correction averaging 
2 7 prism diopters for distance and 2 8 prism diopters for near vision (for 3 to 7 mnT 
of correction of each muscle) The correction obtained fiom a combined 5 mm 
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resection and recession on each muscle averaged 25 1 prism diopters for both dis- 
tance and near vision For a combined 7 mm resection and recession on each muscle 
an average correction of 51 prism diopters for distance and 51 6 prism diopters for 
near vision was obtained 

Divergent Sqwnt — (a) Alternating Type (17 operations) Each millimeter 
of recession of the external rectus muscle alone resulted in correction averaging 
2 7 prism diopters for both distance and near vision (for 3 recessions of 5 to 
7 mm ) A 5 mm recession of the external rectus muscle alone resulted in a 


Table 3 — AlternaUng Divergent Squint 
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Table 4 — Monocular Divergent Squint 
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correction averaging 10 5 prism diopters for distance and 22 5 prism diopters 
for near vision 

Each millimeter of resection of the internal rectus muscle alone resulted in 
correction averaging 3 prism diopters for distance and 3 2 prism diopters for 
near vision (for 5 resections of 3 to 6 mm ) A 5 mm resection of the internal 
rectus muscle alone resulted in a correction averaging 15 prism diopters for dis- 
tance and 186 prism diopters for near vision 

Each millimeter of combined recession of the external rectus muscle and resec- 
tion of the internal rectus muscle (9 operations) resulted m a correction averaging 
2 pnsm diopters for distance and 2 1 prism diopters for near vision (for 3 to 
7 mm of correction of each muscle) The correction obtained from a combined 
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5 mm operation on each muscle averaged 23 2 prism diopters for distance and 
25 8 prism diopters for near vision 

(&) Monocular Type (9 operations) Recession of the external rectus muscle 
alone resulted in 0 6 prism diopter of correction for distance and 22 prism diopters 
of correction for near vision (for 6 mm resection of each external rectus muscle 
m 1 case) 

Each millimeter of resection of the internal rectus muscle alone resulted in 
correction averaging 2 prism diopters for distance and 2 6 prism diopters for near 


Table 5 — Summary of Average Correchons Obiaxnable by Resection and I or Recession 

of the Houzontal Rectus Muscles 
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vision (for 2 resections of 5 to 6 mm ) A single 5 mm resection of the internal 
rectus muscle alone resulted in a correction averaging 17 prism diopters for both 
distance and near vision 

Each millimeter of combined recession of the external rectus muscle and resection 
of the internal rectus muscle (6 operations) resulted in a correction averaging 
2 7 prism diopters for both distance and near vision (for 3 to 7 mm of correction 
of each muscle) The correction obtained from a single combined 5 mm operation 
on each muscle was 24 prism diopters for both distance and near vision From 
a single combined 7 mm operation on each muscle, the correction was 40 prism 
diopters for both distance and near vision 
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Comment — From table 5 it is evident that the aveiage values are fairly consistent 
Resection of the internal rectus muscle resulted m more correction than did reces- 
sion of that muscle, while the opposite result was obtained with operation on the 
external rectus muscle, on which lecession was geneially moie effective Combined 
lesection and recession resulted in appioximately the same amount of correction 
for all four categories of squint considered The most interesting result derived 
from this series of operations is the fact that with an equal resection and recession 
of 7 mm each the amount of correction was approximately twice that obtained 
with an equal resection and recession of 5 mm each This is undoubtedly related 
to changes in the subsidiary duction action of the superior and inferior lectus 
muscles At any rate, it negates any possible consideration of the theoretic value 
of 5 arc degrees of correction for 1 mm of shift in the optic axis 

It will be noted that recessions of 7 mm were done in some cases in spite of 
the fact that it is a standard proceduie not to do a recession of the internal rectus 
muscle of more than 5 mm or one of the external i ectus muscle of more than 3 mm 
Jameson ^ stated that 1 5 to 2 mm can be added to the recession spaces if the 
eyeball is large It has been my feeling that whenever possible correction of the 
deviation should be divided between the two horizontal muscles of the eye to be 
operated on and that in cases of large angles of squint, especially of the alteinating 
type, correction of the deviation should be divided between the two eyes In doing 
this I have noted less tendency to produce abnormal amounts of traction on one 
muscle A recession of 7 mm of either muscle when combined with a 7 mm 
lesection of its opponent did not interfere with the motility of the eye in any case 

Although the values found in this senes pertain to adults with nonaccommoda- 
tive squint, the same values were obtained for a small number of children and for 
adults with accommodative squint who were operated on during the same period 

To determine whether there is any difference between the correction obtained 
when one operates on the deviating eye in a case of monocular squint and that 
obtained when the fixing eye is operated on, the results of operation on patients 
with monocular squint (tables 2 and 4) who had both eyes operated on (at different 
times) were compared For 7 patients with monocular convergent squint the 
average correction was 2 7 prism diopters for distance and 2 8 prism diopters for 
near vision for each millimeter of operation on the muscles of the deviating eye 
and 2 8 prism diopters for distance and 2 6 prism diopters for near vision for 
each millimeter of correction of the muscles of the nondeviating e3'^e For 3 patients 
with monocular divergent squint the average correction was 2 8 prism diopters for 
distance and near vision for each millimeter of operation on the muscles of the 
deviating eye and 2 8 prism diopters for distance and 2 4 prism diopters for near 
vision for each millimeter of operation on muscles of the deviating eye Thus it 
appears tliat there was no difference between the amount of correction obtained 
from operation on the deviating eye and that obtained from operation on the nonde- 
viating eye in cases of monocular squint 

GUIDES TO THE SELECTION OF THE PROPER MUSCLE FOR OPERATION 

In order to choose the proper surgical procedure in cases of concomitant squint, 
it IS important to determine the nature of each case, especially as regards the relative 
state of convergence and divergence and the angle of deviation for distance and 
for near vision With high degrees of deviation equal amounts of recession and 
resection of the muscles of the deviating eye are indicated, the amount usually 
being dnided between the two ejes if the deviation is over 25 to 30 degrees This 
IS particular!} true in cases of monocular squint in which the visual acuity of the 
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dcvia-ting eye is vciy low In those cases the lelative near point of conveigence 
IS not of as much impoitance, since the degiee of deviation is rather constant for 
distance and for near vision With smaller degrees of squint, the lelative near point 
of convergence is of extieme impoitance and is the deciding factor in the decision 
as to which muscle or muscles should be operated on The following plans of 
treatment are based on these considerations, together with the guiding values as 
to the amounts of coriection obtainable with the operative procedures previously 
mentioned 

Convergent Sqmnt — When the deviation for near vision is significantly gieatei 
than that for distance and the relative convergence near point is close, the deviation 
is of the convergence excess type Recession of the internal rectus muscle should 
be the piimary procedure In cases of monocular squint the deviating eye should 
be operated on first, while in cases of alternating squint the eye which tuins m 
longest on attempting to converge should be operated on first 

When the deviation foi distance is gieatei than that for near vision and the 
relative convergence is pooi, the deviation is of the convergence insufficiency type 
Resection of the external rectus muscle of the deviating eye should be the primary 
pi ocedure 

Convergence Excess Type For deviations up to 15 prism diopters recession 
of the internal rectus muscle of the deviating eye is indicated For deviations of 
12 to 25 prism diopters recession of the internal rectus muscle and resection of the 
external rectus muscle of the deviating eye, in pioportions indicated by the values 
obtained in the first poition of this paper, should be performed 

Convergence Insufficiency Type For deviations up to 16 prism diopters resec- 
tion of the internal rectus muscle of the deviating eye is indicated For deviations of 
16 to 25 prism diopters resection of both internal rectus muscles or lesection of the 
internal muscle of the deviating eye and recession of the external rectus muscle 
of the same eye, depending on the deviations for distance and near vision, are 
indicated 

Deviations above these amounts requiie combined operations on the deviating 
eye and later coirection of the other eye for the residual deviation 

Divergent Sqmnt — When the deviation for distance is greatei than that foi 
near vision, the squint is considered to be of the divergence excess type Recession 
of the external rectus muscle of the deviating eye should be the primary operation 
When the deviation for distance is less than that for near vision, it is considered 
to be of the divergence insufficiency type Resection of the mteinal rectus muscle 
is then the primary operation In cases of alternating squint the eye which tuins 
out first in an attempt to converge should be considered as the deviating eye^ 

Divergence Excess Type For deviations up to 10 or 11 prism diopters reces- 
sion of the external rectus muscle of the deviating eye is indicated For deviations 
of 10 to 20 prism diopters recession of both external rectus muscles or recession 
of the external rectus muscle of the deviating eye and resection of the internal 
rectus muscle of the same eye, depending on the deviations for distance and for 
near vision, are indicated 

Divergence Insufficiency Type For deviations up to 12 prism diopteis 
lesection of the external rectus muscle of the squinting eye is indicated Foi 
deviations of 12 to 20 prism diopteis resection of both external rectus muscles is 
indicated For deviations of over 20 prism diopters, resection of the external 
rectus muscle and recession of the interuEl rectus muscle of the deviating eye, im 
the propoitions indicated, should be done 
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In a majority of cases of considerable deviation the measurements for distance 
and for near vision are the same Here equal amounts of recession and resection ai e 
best In cases of monocular squint it is my policy to do most, or all, of the correc- 
tion on the deviating eye, up to 7 mm of correction on each of the horizontal rectus 
muscles, and to divide the correction for residual deviation between the horizontal 
rectus muscles of the other eye 

It must be pointed out that one should not be guided wholly by stereotyped 
tables, but such data can be of definite help to the beginner One must determine 
the type of deviation and its measurement for distance and for near vision, with 
and without correcting lenses and m the cardinal directions of gaze In addition, 
the motility, the convergence ability and the retinal correspondence must be deter- 
mined m every case in order to make proper use of the guiding principles already 
indicated 



PUPILLARY REFLEX TO DARKNESS 
OTTO LOWENSTEIN, MD 

AND 

ISADORE GIVNER, MD 

NEW YORK 

In 1939 one of us (Lowenstem described a pupillary reflex which he called 
the “reflex to darkness ” In order to elicit this reflex both eyes of the subject 
tested are adapted to a constant level of illumination in which darkness is a pei iodic 
stimulus Two small lamps separated from each other by a screen (so that the 
right eye cannot see the left lamp and vice versa) burn continuously for a period 
of twelve minutes, which is the time necessary for adaptation The light of one 
or the other of these lamps is periodically interrupted by a motor interrupter for 
one second ^ During the test the patient fixes on a nonlummous point in the 
distance The resulting movements of the pupils are recorded by pupillography 
The reflex to darkness is manifested both directly and consensually The 
pupillographic representation of a normal reflex to darkness is shown schematically 
m chart 1 The pupils had been adapted to light m the period preceding time A 
The period of unilateral stimulation by darkness lasts from A to B The pupil 
dilates during this period after a latency period When at B the former level 
of illumination is restored bilaterally, the pupil responds with a contraction and 
redilation The period from A to B is called the primary reaction, or primary 
dilation The period from 5 to C is called the secondary reaction and consists 
of conti action (c to d) and secondary redilation (d to e) 

Actual records of the leflex to darkness m human beings and animals are shown 
in figure 2 and figure 5 A Figure 2 shows a reflex to darkness (///) compared 
with the leflexes to light (J) and to near and far vision (II) m the same subject 
In comparative pupillographic studies it was shown that the reaction to dark- 
ness occurs in the monkey, cat, rabbit and pigeon as well as in man The secondaiy 
redilation, however, is fully developed only in man There are occasional sug- 
gestions of a secondary redilation in the monkey, but it is constant only m man 
In man and in all the species of animals examined, a definite relationship can 
be demonstrated between the magnitude of the reactions to light, to darkness 
and to near vision The extent of the contraction m the light reflex is about equal 
to that produced in the reaction to near vision The ratio of this contraction to 
the dilation phase of the reaction to darkness is about 9 to 2 (fig 2) The extent 
of dilation to darkness in its primary phase is about one half of the extent m 
diameter of the subsequent contraction when the darkness stimulus has ended 
However, a comparison of the latter depth of contraction to that seen m a normal 
reaction to light shows it to be only about one third as great in extent 

Aided by grants from the Altman Foundation and the Oberlaender Trust 
Read before the New York Society for Clinical Ophthalmology, Nov 2, 1942 

Pupillographic Studies IV From the Neurologic and Ophthalmologic Departments of New 
York University College of Medicine 

1 Lowenstem, O Les troubles du reflexe pupillaire a la lumiere dans les affections 
syphilitiques du systeme nerveux central. Pans, Gaston Doin & Cie, 1939 

2 Lowenstem, O , and Friedman, E D Present State of Pupillography Its MTethod and 
Diagnostic Significance, Arch Ophth 27 969 (May) 1942 
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dizedi eeadiuin — don^en^uod teachon - - 


Fig 1 — Pupillary reaction to darkness (schematic) The space to the left of A represents 
adaptation to light A to B represents unilateral stimulation by darkness Both pupils dilate 
(primary phase of dilation) after a latency period (o to b) The space on the right to B 
represents the same light conditions as those in effect before use of the darkness stimulus 
From c to d IS the primary contraction phase (greater than the preceding dilation) and from 
d to e the secondary dilation phase 
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Pjg 2 — Reflex to darkness (111) as compared with that to light (1) and to near and 
far vision (11) in the same person 
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In each species of animals examined theie is a chaiacteristic lelationship between 
the change in pupillary diainetei in the conti action phase of the light reflex and 
the dilation phase of the reflex to darkness In all animals studied so far, the 
latio of the darlcness leflex to the light leflex was greatei than it is m man It 
is at its maximum m the cat, m which it may be up to 1 to 1 (fig 3) The extent 
of pupillaiy contraction following the dilation to darkness has been about the same 
as the primary dilation to darkness m all animals examined to date Theie is, 
therefoie, no need foi a redilation following the contraction In man, however, 
since the conti action following the dilation to darkness is greater in extent than 
the preceding dilation, a secondary dilation has to take place Secondaiy redilation 
exists therefore only m man 

It has long been known that m man the ledilation following the contraction 
to light may under pathologic conditions be absent The so-called neurotonic 
pupil, characterized by a good conti action to light which is not followed by an 
equivalent ledilation, has been desciibed m the literature from tune to time It is 



Fig 3— Reflex to light and darkness in a cat The extent of the dilation to darkness 
IS about the same as that of the contraction to light (The ratio is generally between 1 to 1 
and 1 to 2 ) 

oidmaiily considered to be an infrequent condition However, in pupillographic 
examinations it is more frequently found than would be expected 

The first line of figure 4 illustrates the fact that a pupil, although it cannot 
ledilate immediately after a contraction to light, may be able to conti act furthei 
after a second or a third light stimulus The picture of “descending pupil” of 
Lowenstem develops On the other hand, cases have been noted in which the 
contraction is rather poor but the redilation is good After repeated stimulation 
by light, the pupillary diameter is increased over its original size (“climbing pupil” 
of Lowenstem) These conditions show that more complex factors are involved 
m the redilation after contraction to light than simple relaxation within the area of 

the thud cranial nerve Under pathologic conditions these factors may outweidi 
the action of the third nerve ^ 

Whereas the reflex to darkness may frequently disappear completely concomi- 
tantly with the reflex to light, as with the Argyll Robertson or absolute fixed pupil. 
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there are cases demonstrating a certain independence of the two reflexes from one 
another A case of neurotonic pupil in which the redilation after contraction to 
light was absent but the primary dilation in the darkness reflex was present has 
been leported ® Other cases have been observed in which the primary reaction 
to darkness was absent but the reflex to light was present m both of its phases 
Figure 5 shows a graphic summary of some possible modifications of the darkness 
reflex as it has actually been observed in pathologic conditions In A a. normal reflex 
to darkness is shown In B 1 the primary dilation, which is of normal extent, is 
preceded by a preliminary contraction m a case of anisocoria In B 2 the primary 
dilation IS absent, while secondary contraction and redilation are normal In F i 
the secondary phase is absent m the reaction of the directly stimulated pupil but 
present in the consensually reacting pupil In B 4 the secondary dilation phase is 
absent, while primary dilation and subsequent contraction are present B 3 and B 4 
show anisocoria 
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Fig 4 — First line, “descending pupil", second line, “climbing pupil” 


We are able to state that the reflex to darkness is frequently more susceptible 
to the influence of pathologic conditions than is the reflex to light We have found 
modifications of the reflex to darkness more frequently than of the reflex to light 
m cases in which neurologic lesions were known to exist It is interesting to 
note that in man the secondary dilation phase is the portion of the reflex to darkness 
most prone to disappear (fig 5, B 4) when a pathologic condition is present, a 
fact which perhaps indicates that the phylogenetically youngest part is the most 
vulnerable one Any of the abnormal patterns of the darkness reflex may coexist 
wuth either a perfectlj'^ normal reflex to light or a pathologic one The deviations 
from normal in the light reflex may seem to be contrary to the abnormal features 
of the reflex to darkness or may be consistent with them We may say, then, 

3 Low enstem, O, and Friedman, E D A^die’s S\ndrome (PupiIIotonic Pseudotabes). 
A.)ch Ophth 28 1042 (Dec) 1942 
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that there is some independence of the two reflexes from one another, but, on 
the other hand, the same lesion may be able to destroy them both, m whole 
or in part 

These dissociations of the two reflexes suggest that the reflex to darkness is 
more than a simple reversal of the reflex to light Such a supposition as this is 
not an unusual concept to psychologists, who have emphasized the fact that a short 
interruption of a constant stimulus is effective as a new stimulus 



5 Pathologic variations of the reflex to darkness {A shows the normal reflex) 
Bl, dilation preceded by a preliminary contraction, B2, primary dilation absent and the 
secondary phase normal , B3, the secondary phase absent in the directly stimulated pupil 
B4, the secondary dilation phase absent (monkey type) 


We are unable to say anything definite as to the anatomic basis of the dis- 
sociation The types of pathologic disturbances and dissociations described point 
to the likelihood that both common and separate pathtvays are utilized m the 
reflexes to light and to darkness 




608 


ARCHIVES OF OPHTHALMOLOGY 


We wish to report a case which may shed a little light on the problem of the 
nenmus pathways through which the reflex to darkness travels 

The patient, a j'outh aged 18, had been suffering from headaches and diplopia for appro\i- 
mateh file months He had had disturbances of his gait, mental dulness and vomiting for 
two or three weeks 

When examined on Jan 3, 1941, he showed 2 D of papilledema m each eye, a limitation 
of upward gaze and fixation of the pupils to light and convergence Ventriculographv con- 
firmed the clinical diagnosis of tumor of the pineal body 

On January 5 he was operated on by Dr John B Scarff The pineal body was exposed 
by an approach along the falx, and a total gross removal of a fairly firm, lobulated, well 
demarcated tumor was done Postoperatively, there was a transient episode of psychotic 
behavior 

On April 5, 1942 it was found that clinically the pupils did not react to light but reacted 
to convergence promptly (Argyll Robertson phenomenon) Both optic disks showed temporal 
pallor There was marked irregular concentric contraction of the visual fields of both eyes 
The vision was 20/20 in both e 3 'es 



Fig 6 — The pupillary leflexes m the case reported The first line shows that the reflex 
to light IS absent and the reflex to darkness present on the left side, the second line, that the 
reflex to light is diminished and the reflex to darkness exaggerated on the right side, and 
the third line, that the sensory dilation reflex is normal 


On Juh 7 the pupils still showed the same behavior The fields of both eyes had improved 
There was a paresis of the left superior rectus muscle The pupil again showed an Argyll 
Robertson phenomenon When the patient attempted to look upward and to the left his left 
e>eball underwent retraction and propulsion about four times (rotatory nystagmus) During 
this period the right e 3 e displav^ed coarse and slow nystagmoid motions 

Pnptllograpittc Studies — The reflex to light was absent on the left side and greatly diminished 
on the right side The light reaction of the right pupil amounted to 0 66 mm The consensual 
reaction of the left pupil, which did not react to direct stimulation by light, amounted to about 
0 33 mm The reaction to light of the right pupil was sluggish and had a latency period 
of about 0 5 second (normal, less than 0 3 second) It is striking that the second light stimulus 
and all subsequent ones in a senes of repeated stimulations provoked reactions to light which 
were more rapid than the first one Nei ertheless, the reaction did not become more extensne 
than 0 5 mm on either side 

Stimulation b 3 sound prov oked a dilation on both sides of about 1 3 mm The psi cno 
sensorv restitution phenomenon w'as fairh effective on both sides after a sound stimulus, for 
example, both pupils reacted to light to an extent of about 0 66 mm and the latenci peno' 
decreased to 0 4 second from its former level of 0 5 second 
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The spontaneous hd closure reflex was absent The pupillary reflex to conjunctival stimu- 
lation, however, was present and showed a fully developed dilatation The reaction to near 
vision was present 

Primary dilation to darkness was present and about equal in the two eyes It amounted 
to 1 mm or more (fig 6) The secondary phase of the reflex to darkness was present, but 
the secondary redilation phase was absent (a configuration found in the monkey) 

We wished to know whethei or not Argyll Robertson pupil (on a nonsyphilitic 
basis) IS associated in all cases with an undiminished, oi perhaps even an exag- 
gerated, leflex to daikness We therefore examined anothei patient, a 22 year 
old man with a tumor of the superior colliculus He displayed a fully developed 
Argyll Robertson pupil, with paralysis of upward gaze The leflex to darkness 
was absent 

CONCLUSION 

In a patient operated on foi pinealoma, we obseived a dissociation between the 
reflexes to light and to darkness The formei were practically absent, and the 
latter were exaggerated 

This dissociation of pupillary leflexes suggests the existence of separate path- 
ways for the reactions to light and to darkness We cannot precisely localize the 
lesion m the pathways of the light reflex in the case reported, since no anatomic 
evidence is available 

We can state, however, that there must exist at least one point m the biain 
where the pathways of the leflexes to light and to darkness aie not identical 
This dissociation between the reflexes to light and darkness is not a universal 
characteristic of the nonsyphilitic Arg 3 dl Robertson phenomenon, since it was not 
demonstrable in a case of Argyll Robertson phenomenon due to a tumor of the 
superior colliculus 
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GENETIC STUDIES ON ECTOPIA LENTIS 

A PEDIGREE OF, SIMPLE ECTOPIA OP THE LENS 
HAROLD F FALLS, MD 

AND 

C W COTTERMAN, PhD 

ANN ARBOR, MICH 

The pieseiit report on the inheritance of ectopia lentis is based on the study 
of a single kindred displaying this relatively rare ocular anomaly The pedigree 
includes six generations, the first two of which are known only from historical 
evidence supplied by the descendants A total of 157 of the descendants were 
examined in their homes or in the University Hospital ophthalmic clinic, where 
slit lamp and refraction facilities were available Twenty-four with ectopia lentis 
were observed, and the history of 5 other persons suggested probable dislocation 
of the lenses In addition, 2 unaffected members were regarded as gene carriers, 
since they possessed affected children and grandchildren 

Besides the ocular examinations of members of the various families belonging 
to this kindred, several other tests and measurements weie made, including 
anthropometric measurements, serologic tests of blood and saliva, determination 
of the taste reaction to phenylthiocarbamide, tests of color vision and eye domi- 
nance, tests of handedness and dermatoglyphic studies of the fingers, palms and 
soles Blood samples were tested with respect to the blood groups (O, Aj, Aj, B), 
the MN blood types and the Rh factor of Landsteiner and Wiener ^ The "secretoi 
factor” was detei mined on the saliva by means of human A and B seiuins and 
anti-0 ox serum Data on these hereditary characteis aie of interest primanly m 
regard to their genetic linkage and will be repoited in a separate article The 
present paper will be concerned chiefly with the ocular findings 

Ectopia lentis, a congenital subluxation of the crystalline lens, has been the 
subject of intensive study since it was first described by von Graefe ® in 1854 
This oculai anomaly is most frequently manifested as a bilateral symmetric dis- 
placement (subluxation) of the lens, but occasionally there may be great differences 
between the two eyes in the degree of displacement Associated ocular defects 
have been reported which vary greatly in the type and mode of expression m 
different families Axial and lenticular myopia, coloboma of the ins, coloboma ol 
the ins and lens, corectopia, iridodonesis, ectopia pupillae, megalocornea, miosis, 
ambl} opia, strabismus and persistent pupillary membrane have been most frequently 
reported Ectopia lentis has also been observed as an associated anomaly in the 
s}ndrome described first by Marfan,^ in 1896, under the name of dolichostenomelia 

Dr Falls is Walter R. Parker Scholar in Ophthalmology, University of Michigan 

Records of all persons described in this report are on permanent file in the Heredity Clinic, 
Unnersity of Michigan 

Support for this research was provided bv the Horace H Rackham School of Graduate 
Studies and bj the Walter R Parker Scholarship Fund 

From the Department of Ophthalmology of the University Hospital and the Department 
of Human HerediU of the Laboratory of Vertebrate Biology, University of Michigan 

1 Landsteiner, K , and Wiener, AS J Exper Med 74 309, 1941 

2 %on Graefe, A Arch f Ophth 2 255, 1854 

3 ^ilarfan, M A Bull ct mem Soc med d hop de Pans 13 220, 1896 
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This syndiome, now commonly termed arachnodactyly, is characterized hy (1) 
elongation of the long bones (especially those of the hands and feet), (2) spinal 
curvature (scoliosis and kyphosis), (3) dolichocephalic skull, (4) underdeveloped 
musculature, (5) pes planus and hammer toes, (6) pigeon breast, (7) absence of 
subcutaneous fat and (8) infantilism Achard,* in 1902 called attention to the 
associated ocular anomalies and to the fact that 40 to 60 pei cent of arachnodac- 
tylous persons manifested some pathologic ocular condition ectopia lentis, 
indodonesis, nystagmus, congenital miosis, strabismus and anomalies of the lids 
and lashes 

Ectopia lentis is inherited as a dominant character in the vast majority of 
published pedigrees This is true of the simple forms as well as of those accom- 
panied by ocular or other defects Minor degrees of the defect aie frequently 
overlooked unless careful ophthalmologic examination is made, and this may account 
for some of the familial cases Complete failure of expression of the gene in 
certain heterozygotes or occasional mutation may account for other cases of a 
familial or sporadic nature True recessive inheritance of this defect is probably 
lare since only 3 or 4 cases of parental consanguinity have been reported 

Judging from the genetics of other human and animal abnormalities, it is 
probable that several different mutations, at the same or at different chromosome 
loci, are responsible for the varying forms of hereditary ectopia lentis in different 
kindreds The available data are too limited to permit of a precise analysis It is 
our hope to make available more adequate data for the classification of this heredi- 
taiy anomaly through a series of studies of several pedigrees 

A dominant gene is expected to be tiansmitted by an affected person to 
approximately 50 per cent of his or her offspring In turn, an affected person is 
expected to have an affected parent The normal siblings of involved persons will 
have children without the anomaly in question 

From the practical standpoint, the marked variability in the expression of some 
dominant genes is important, since the ophthalmologist is not always capable of 
distinguishing a person heterozygous for the abnormal gene The oculist should 
attach a guarded prognosis to genetic advice given to affheted persons and their 
offspring It IS known that unigene ocular anomalies may adopt different hereditary 
patterns m different families Thus there arises the necessity for individualization 
of all patients supported by intensive study of their peculiar pedigrees Satisfactory 
but slow progress is being made by clinics of human heredity in the study of linkage 
of the standard test factors with abnormalities It is believed that such study will 
piovide more accurate detection of the absence or presence of the abnormal gene in 
a subject and thus permit of more scientific advice to prospective parents 

METHOD OF INVESTIGATION 

The pedigree chart (fig 1) differs from the conventional diagram by having 
the children of a single union arranged vertically rather than horizontally The 
sibships are numbered 1 to 58 and a particular person will be referred to by means 
of the sibship number followed by a number denoting his or hei position (from top 
to bottom, corresponding to birth order) within the sibship Thus, 18-3 and 18-4 
are sisteis, both with ectopia lentis, who married brothers, 20-4 and 20-8, thereby 
producing sibships 42 and 43, respectively No information is available concern- 
ing the sibs of 1-1 The complete and exact order of birth of sibship 2 is open 
to question 

4 Achard, M C Bull et mem Soc med d hop de Pans 19 834, 1902 
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Oiii investigation started with affected sister and brothei 32-3 and 32-4, who 
received the diagnosis of congenital dislocation of the lenses when examined at 
the ophthalmic clinic in 1935 This pair, therefore, must be regarded as the 
propositi of the kindled, and at the outset of the investigation no other members of 
the group were known An interview with the parents and grandparents quickly 
established the dominant pattern of inheritance, and the defect was traced almost 
certainly to 1-1, who resided in Germany Three children of this man immigrated 
to Ohio and left descendants, almost all of whom were known to reside in and 
about Toledo It was then decided to examine all of these persons with caie, and 
a complete pedigiee was drafted before actual examination was undertaken Sub- 
sequently It was discovered that 3 other members of the kindred had previously 
visited the University Hospital for ocular or other complaints A complete 


• EXAWNPD ECTOPIA LENT/S 
® NORMAL BUT DEFECTIVE GEPOTTPE 
O Examined normal 
O NOT EXAMINED PROBABLY AFFECTED 
0 NOT EXAMINED PROBABLY NORMAL 
DIED YOUNG EYE CONDITION UNKNOWN 
OiO) STILLBIRTH OR MISCARRIAGE (SEX?) 
— ► PROPOSITUS 



MICH HEREDITY CLINIC KINDRED NO ESS 


Fig 1 — Pedigree chart 


ophthalmologic exammation was peifoiined at the Umveisity Hospital ophthalmic 
clinic on the following members of the pedigree 7-2, 9-5, 9-6, 9-8, 9-8b, 13-5, 13-6, 
16-2, 18-1, 21-8, 21-8a, 23-2, 24-1, 26-1, 26-3, 27-1, 27-2, 32-1, 32-2, 32-3, 32-4, 
34-1, 39-1, 39-2, 50-1, 50-2, 55-1 and 56-2 

Figure 1 shows all of the knowm descendants of 1-1 The spouses of these 
descendants were examined, and none were found to exhibit signs of ectopia lentis 
or related defects None of the spouses are illustrated on the pedigree chart 
except in 1 instance in which the wife had a child (40-1) by an earlier marriage, 
and in 3 instances m which double family marriages occurred, producing three pairs 
of double first cousin sibships, 5 and 7, 16 and 18, and 42 and 43 The last 2 
combinations were produced by sibs marrying sibs, both displaying ectopia lentis 
This would not be expected to alter the probability of defective children, though it 
might account for an increased similarity^ m degree of manifestation of the defect in 
these cousins if some of the a anability^ m this respect was atti ibutable to modifying 
genetic factors 
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Genealogic infoi mation concerning the spouses was not secuied except in 
certain cases in which we became inteiested in othei genetic chaiacteis, such as 
color blindness and twinning It is not definitely known, tlieiefoie, whether most of 
the unions were free fiom consanguinity Wheie it was necessary to refer to some 
of the spouses thrs was dorre by attachrrrg a letter a or b to the number of the 
descendant in question Thus, 5-lOci was the wife (not shown) of 5-10, while 
9-8b was the second husband of 9-8 and the father of sib 27 

OCULAR ANOMALIES OF THE AFFECTED MEMBERS 

Figure 2 lepiesents the pathologic changes observed m the affected membeis of 
the kindred with the ophtlialnioscope and the slit lamp when used The pupils were 
not dilated in the majoiity of cases, and the diawings lepiesent the lenses as seen 



Fig 2— Pathologic changes obser\ed with the ophthalmoscope and the slit lamp in the 
affected members of the kindred 


thiough the undilated pupils A brief description of the pathologic changes and 
ocular anomalies for each subject follows 


1-1 This man constituted the probable ultimate source of the hereditary defect in the 
kindred He resided in Germany near the city of Stolp, in Hinterpommern Information 
regarding him was obtained chiefly through his grandson 7-2, as follows “One day, after 
working many hours in the field m the hot sun, my grandfather plunged his face into a 
bucket of cold water, and shortly afterward severe pain in his eye developed The eye became 
blind, but I do not know which one This happened when he was between 40 and 50 years of age ” 
We interpret this episode to indicate probable secondary glaucoma resulting from displacement 
of the lens into the anterior chamber m view of the similar experiences of his descendants 
The wife of this man was described as having normal eyes Four of his children, 2-1, 2-2 2-3 
and 2-5, immigrated to Lucas County, Ohio, but 2-3 returned to Germany with his 3 daughters 
and no further information concerning his descendants was available 


2-2 This woman was knoym always to have had poor visual acuity and had had numerous 
episodes of severe ocular and head pain The vision of one eye was lost after a severe bout 
of such pain We again interpret these symptoms as sequelae of dislocated lenses 

*1 always near sighted Episodes suggesting secondary glaucoma in 

the right eje were experienced at the age of 70 and again at 78, at which time this eye 
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was removed We were informed by Dr R E Boice of Toledo, Ohio, that the left eye showed 
a dislocated lens at the age of 80 and that the patient was under medical treatment for 
glaucoma Although he was described as being 6 feet 1 inch (185 cm ) tall, with a maximum 
weight of 135 pounds (61 Kg ), signs of arachnodactyly were not evident in photographs 
or in descriptions by his children Unfortunately this study was not initiated until six montlis 
after the man’s death, at the age of 86, in January 1942 

7-2 At the age of 60 this man submitted to surgical treatment for the relief of chronic 
noninflammatory glaucoma Bilateral iridencleisis was performed, with excellent subsequent 
control of the intraocular tension At the age of 67 observation revealed that in each eje 
the lens was dislocated minimally up and out, was maturely cataractous and displayed a 
minute notch, or coloboma, infenorly Funduscopic examination disclosed glaucomatous optic 
nerve atrophy in each eye The right eye was blind, and the visual acuity in the left eye uncorrected 
was 3/60 and with correction was 6/30 The tension (new Schi^tz tonometer) was 12 mm in 
each eye There was 8 to 10 degrees of left divergent strabismus (Priestley-Smith) 

7-5 This 60 year old woman stated that she had had cataracts as a child and that vision 
in the right eye was lost after an episode of severe ocular pain On examination the right 
eye was found to be blind and the visual acuity of the left 1/60 uncorrected There were 
marked ectasia and dense scarring of the cornea m the right eye The right lens was irregular, 
shrunken, partially calcified and held in place by dense synechias Finger tension was 4 plus 
in the right and normal in the left eye The left lens was maturely cataractous and dis- 
located up and in, as shown in the diagram The left fundus was normal except for mild 
arteriosclerosis of the retinal vessels Fifteen degrees of right divergent strabismus was 
demonstrated (Hirschberg) 

7-8 This 59 year old asthenic man, a farmer, had married late in life and was without 
issue His eyes were straight There was marked iridodonesis, especially of the lower half 
Both lenses were dislocated up and slightly out, with an irregular, slightly notched lower border 
The visual acuity was 6/9 — 1 in the right and 6/21 — 1 in the left eye uncorrected No 
fundus disease was observed 

9-3 This man had died without issue and was described by his brothers and sisters as 
having had “bad eyes ’’ No definite details could be obtained, but he was regarded on the 
pedigree chart as “probably affected” 

9-4 This 54 year old woman had had the right eye enucleated at the age of 28, it 
had been blind and painful, with anterior dislocation of the lens At the age of 47 a com- 
plete iridectomy of the left eye was performed for relief of chronic noninflammatory glaucoma 
This eye displayed a large complete surgical coloboma of the iris at 12 o’clock Conspicuous 
iridodonesis was observed The lens was completely cataractous and had gravitated into the 
vitreous below 

9-5 This 52 year old woman had married late in life and was without issue Her 
uncorrected visual acuity was 6/15 in the right eye and 6/30 in the left eye An incipient 
alternating divergent strabismus of 8 to 10 degrees was present The irises were a light 
gray-blue No iridodonesis was demonstrable Slit lamp examination revealed long attenuated 
zonular fibers conspicuously especially from 5 to 8 o’clock m the right and from 3 to 7 o’clock 
in the left eye An occasional ruptured zonal fiber could be seen freely waving in the aqueous 
Minimal, but conspicuous, lenticular nuclear sclerosis was present in both eyes The funduscopic 
examination gave normal results except to show minimal arteriosclerosis of the retinal vessels 
and minor macular degenerative changes in both eyes The visual fields were normal for 
both eyes The patient accepted the following manifest correction 

Right eye -j- 0 75 D sph 3 -}- 0 25 D cyl , axis 98 , vision, 6/4 5 — 4 
Left eye -{- 1 25 D sph -1-037 D cyl, axis 57, vision, 6/4 5 — 5 
Both ejes -f 2 25 D sph for reading, for Jaeger type 1 at 31 cm 

9-6 This 50 year old woman had no ocular complaints other than those of presbjopic 
origin The uncorrected visual acuity was 6/12 — 2 in the right and 6/12 m the left c%e 

The external examination gave negative results except to show incipient alternating duergent 

strabismus Funduscopic examination revealed spicules of incipient senile cataract m the 
inferior nasal quadrant of each lens Moderate arteriosclerosis of the retinal vessels without 
retinopathy was present in both eyes No iridodonesis was demonstrable, and meticulous slit 
lamp examination failed to reveal any signs of pathologic change in the lenses or zonules 
Gonioscopic examination did not reveal any anomaly of the anterior chamber angles 

9-7 This 47 year old asthenic man, a farmer, exhibited 5 degrees of left divergent 
strabismus (Priestley- Smith) There was conspicuous iridodonesis m each eje Both lenses 
were dislocated up and out, the left more markedlj A conspicuous coloboma was present m 
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the lower border of each lens The vision was 6/9 ■ — 2 in the right and 6/60 in the left eye 
uncorrected The fundi were normal 

9-8 This 40 year old woman exhibited 15 degrees of right divergent strabismus (Pnestley- 
Smith) Both lenses were dislocated up and out and were immaturely cataractous Marked 
iridodonesis was present in both eyes The vision was 5/60 in the left eye uncorrected and 
6/9 — 2 m both eyes with correction 

16-2 This 39 year old woman gave a history of episodes of blurred vision accompanied 

by haloes about lights The intraocular tension was 26 mm of mercury in each eye with 

the pupil undilated and 12 mm with the pupil dilated (new Schi0tz tonometer) The corrected 
visual acuity was 6/60 in the right and 6/6 —2 in the left eye with a minor correction for 
compound myopic astigmatism Prominent iridodonesis was present in both eyes Both lenses 
were dislocated up and out, and each presented a small coloboma in the inferior border The 
funduscopic examination revealed nothing abnormal except hypertensive retinitis in each eye, 
grade III (Keith-Wagener) 

18-1 This 41 year old woman had visual acuity of 6/6 — 3 in the right and 6/9 — 4 

in the left eye without correction and of 6/6 and 6/6 — 1 with correction External ocular 

examination revealed only a few degrees of alternating divergent strabismus The point of 
basal convergence was 130 mm There was no evidence of iridodonesis or other indication 
of ectopia lentis The fundi were normal except for grade III (Keith-Wagener) hypertensive 
retinitis without retinopathy A minor compound hyperopic correction was worn 

18-3 This 34 year old woman had submitted to extraction of a completely dislocated lens 
in the right eye and secured a satisfactory result The vision in both eyes was 1 5/60 without 
correction and 6/9 — 3 with correction Iridodonesis was present in both eyes There was 
a complete surgical coloboma of the right ins with incarceration of the temporal pillar 
The left lens presented zonular cataractous changes and was dislocated up and out to a 
degree sufficient to give aphakic vision No gross funduscopic change was observed except 
peripheral inactive chorioretinitis m the left eye 

22-1 This 30 year old mechanic had experienced dislocation of the right lens into the 
anterior chamber in September 1940 The lens was successfully extracted by Dr J L Roberts, 
of Toledo, Ohio The left lens became dislocated into the anterior chamber two months later, 
and the same surgeon secured a similar good result The vision was 1 5/60 in both eyes 
uncorrected and 6/9 + 3 in the right and 6/9 — 2 in the left with correction Examination 
of the fundi disclosed many opacities of the vitreous but no retinal disease A complete surgical 
coloboma of the ins was present superiorly, and both pupils were boat shaped 

22- 4 This 22 year old man was not willing to submit to examination by us, but details 
were obtained from his local ophthalmologist His vision in 1931 was 6/60 in the right and 
6/30 in the left eye uncorrected and with correction 6/30 + 2 and 6/30 The lenses showed 
no cataractous changes but were dislocated up and out No retinal disease had been observed 
at that time 

23- 2 This 27 year old asthenic woman, a housewife, manifested 10 degrees of left divergent 
strabismus (Pnestley-Smith) Her uncorrected vision was 6/21 in the right and 1/60 m 
the left eye The external examination disclosed mild paresis of the right inferior oblique 
muscle Complete iridodonesis was evident in both eyes The lenses were dislocated up 
and out No important funduscopic changes were present 

24- 1 This 27 year old asthenic woman had uncorrected visual acuity of 6/21 m the right 
and 1/60 in the left eye There was 15 degrees of left divergent strabismus There was 
iridodonesis in each eye, and both lenses were dislocated up and out Both disks were best 
seen with a 20 lens A small inferior myopic temporal conus was visualized in each eye 
The lower border of the right lens was deeply notched, as illustrated The central inferior 
portion of the lens was pulled out into a tag by adherent zonular fibers The picture was 
similar but less pronounced in the left eye 

26-3 This 19 year old youth experienced dislocation of the left lens into the anterior 
chamber m 1934, and extraction was attempted Considerable vitreous was lost during the 
surgical procedure, with subsequent organization of the vitreous and retinal detachment Exami- 
nation revealed 10 degrees of left convergent strabismus Paresis of the external rectus 
muscles was demonstrated Iridodonesis was present in both eyes The finger tension was 
subnormal in the left e>e The left cornea was scarred and exhibited band keratitis There 
was a complete surgical coloboma above The pupillary opening was filled with a dense gray 
membrane No fundus details were visualized in the left eye The right lens was dislocated up 
and out, the lower border of the lens crossing in the middle of the pupillary opemn<^ No 
fundus disease was seen in the right eye The slit lamp examination revealed minimal 
notching in the lower border of the lens, and fluid vitreous could be seen bulging into the 
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anterior chamber The visual acuity was 6/30 m the right eye with a correction of + 12 SO 
D sph ^ + 1 75 D cy] , axis 168 

32-3 This asthenic 17 year old girl had uncorrected vision of 2/60 in both eyes With 
correction the vision was 6/9 —2 in the right and 6/12 —3 in the left eye. There was 
definite iridodonesis in both eyes Both lenses were dislocated up and out, the right more 
markedly The fundi were normal The refractive error through the phakic portion of the 
pupil was 

Right eye — 8 00 D sph _ — 600 D cyl , axis 115 vision, 3/60 

Left eye — 8 00 D sph C — 10 00 D cyl, axis 70, vision, 2 5/10 

Through the aphakic portion of the pupil the error was 

Right eye -{- 11 00 D sph -f-2 00 D cyl , axis 112, vision, 6/ 9 — 2 

Left eye -f- 10 50 D sph -}-2 50 D cyl, axis 65, vision, 6/12 — 3 

Both eyes -f- 2 50 D sph for reading, Jaeger type 4, right eye, and 

Jaeger type 1 at 26 cm , left eye 

32-4 This asthenic 16 year old boy had uncorrected visual acuity of 1/60 in both ejes 
External ocular examination gave negative results except to reveal iridodonesis in both 
eyes Both lenses were dislocated up and out to a degree which permitted aphakic vision 
The fundi were normal The refractive error through the aphakic portion of the pupil was 

Right eje -}- 13 00 D sph 3 + 075 D cyl, axis 115, vision, 6/9 — 1 

Left eye +13 00 D sph C +0 75 D cyl, axis 72, vision, 6/9 — 1 

Both eyes + 2 50 D sph for reading, Jaeger type 1 at 26 cm 

39-1 This stocky 16 year old girl had uncorrected vision of 6/12 — 2 in the right and 

6/9 — 3 in the left e 3 "e There was iridodonesis in both eyes Both lenses were dislocated 

up and in The fundi w'ere normal 

39-2 This slim 14 year old girl had uncorrected visual acuity of 6/12 — 3 m both eves 

The eyes were straight at times, and at other times there was a few degrees of alternating 

divergent strabismus Mild paresis of the superior rectus muscles was demonstrated There 
was iridodonesis in both eyes Both lenses were dislocated down and out, with notching as 
illustrated The fundi were normal except for astigmatic distortion 

42-2 This asthenic 13 year old boy was aphakic in both eyes, having submitted to surgical 
intervention for dislocated lenses three years before our examination There was 8 to 10 
degrees of left divergent strabismus The left pupil was large and boat shaped, as illustrated 
Incarceration of the ins pillars was present in both eyes There was conspicuous iridodonesis 
in both eyes The fundi showed marked myopic temporal conus and myopic retinal degenera- 
tion The visual acuity was 1 5/60 in both ej^es uncorrected and 6/15 — 2 in the right and 
6/60 in the left corrected 

42-3 This 7 j^ear old girl had uncorrected Msual acuity of 3/60 in both eyes The eyes 
were straight in the primary position, but there was paresis of the superior rectus muscles 
Iridodonesis was present in both ejes The lenses were dislocated up and out, the left more 
laterallj Posterior subcapsular opacification was noted in both eyes Mild myopic changes 
m the retina w'ere seen in both eyes 

42-4 This stocky 4 year old boy would not cooperate sufficiently to permit an adequate 
impression to be gained of his visual acuity Most of his ocular habits indicated a rather 
high myopic error of refraction The ej'es were straight, but there was paresis of both 
inferior oblique muscles Iridodonesis was present in both eves Both lenses w'ere dislocated 
up and out No fundus details could be seen because of the poor cooperation, however, no 
cataractous changes W'ere observed in either eye 

55- 1 This stocky 6 j ear old girl had uncorrected visual acuity of 6/20 — 1 m the right 
and 3/60 in the left eye The eves were straight at times and showed a few degrees of 
alternating divergent strabismus at others There wms paresis of the right superior rectus 
muscle There was iridodonesis in both eyes The left pupil was 1 mm laiger than the 
right Both lenses were dislocated up and out The fundi were normal 

56- 2 This stocky 3 j^ear old girl could not be tested for visual acuity, but gross tests 
with objects indicated reduced vision in both eyes An incipient alternating divergent strabismus 
was present The lenses were dislocated up and out An associated iridodonesis was 

in both e\es A minute coloboma of the inferior border of each lens could be seen The 
funduscopic examination ga\ e negative results 

The ectopia lentis as expressed in this pedigree is obviously produced by a 
dominant gene A most interesting variability of expression is present, the degree 
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of lenticulai dislocation running the gauntlet from gloss noimality to complete 
luxation Two women, 18-1 and 9-6, at their present ages of 40 and 50 
show no gloss anomaly of the lens zonules or position Though appaiently 
normal, these women must ceitainly possess the morbid gene, since they aie 
children of defective parents and in turn have produced defective childien and 
grandchildien The woman 9-5 would have been considered normal if slit lamp 
examination had not been performed The theory of “lack of penetiance of the 
abnormal gene affoids a lather unsatisfactoiy genetic explanation for such vari- 
ability of expiession Also, it is not known whether the gene is fully dominant to 
the normal allele, since homozygotes for the defective gene are not known and in 
the heterozygous condition there is such a variable expression of the character 
It would perhaps be better to call the abnormal gene a nonrecessive True reces- 
sive inheritance of this defect is probably very rare, since, as previously stated, 
only 3 or 4 cases of parental consanguinity have been i eported 

OTHER ABNORMALITIES 

Strabtsmus — One hundred and nineteen persons were examined for gross evi- 
dence of strabismus Among the 25 exhibiting ectopia lentis, 15, oi 60 per cent, 
displayed some variety of strabismus , 9 had eyes which were straight in the primary 
position, and 1 had monocular prosthesis Only 5, or 5 3 per cent, of the persons 
without ectopia lentis evidenced any gross strabismus 

Myopia — Except in 24-1, 42-2 and 42-3, the myopia observed in the affected 
members was of lenticular, rather than axial, origin Aphakic eirors of refi action, 
such as -|- 13 00 to -f-lS 00 D sph , and the absence of myopic retinal degenerative 
changes support this finding It has been oui experience that most of the myopia 
is of lenticular origin in kindreds showing ectopia lentis Indeed, it has been so 
frequently observed that we have come to regard compound myopic astigmatism as 
one of the minor criteria by which the diagnosis of ectopia lentis can be supported 
when other signs aie not too clear 

Corneal Hotisontal Diameter — ^The coineal horizontal diameter was measured 
in all members of this kindred and langed from 100 to 12 1 mm This is well 
within the range of normal variation, and theie has been no association of the 
ectopia lentis with microcornea or megalocoinea in this group 

Lenticular Coloboma — Coloboma of the lens was noted in 16-2, 23-2, 9-7, 39-2, 
39-1 and 55-1 In the last 2 the defect was not apparent on gross examination 
but was revealed with the slit lamp It is probable that some other affected mem- 
bers would have shown this anomaly had they been subjected to slit lamp examina- 
tion It was mteiesting to note that the coloboma resulted in areas in which the 
zonular fibers were absent or broken off, the indentation of the lens being appai- 
ently produced by the fibers’ elastic recoil 

Ins— We were unable to diagnose a single case of congenital corectopia or 
coloboma of the ins in this kindred The observation of the coloi of the ins led to 
the conclusion that ins pigmentation is governed by factors independent of that 
producing ectopia of the lens A slight pallor of the ins or heterochromia was 
noted in most eyes showing ectopia of the lens This may have been the effect of 
mechanical trauma to the pars retinae indis or an actual developmental anomaly of 
the “ms pigment ” 

Miosis — Nothing conclusive can be said conceinmg incomplete development of 
the dilator fibers of the ms in this kindred, as mydriatic drugs were employed in 
too few cases The affected and nonaffected members who underwent refraction 
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undei cycloplegia did not display any inability of the ins to dilate No abnormality 
of pupillaiy leflex action to direct light, consensual light or accommodation was 
noted in any member of the family examined Serologic tests of the blood of all 
membeis examined at the University Hospital gave negative results 

Posistent Pupillai y Membi ones — Persistent pupillary remnants or membranes 
weie a fiequent finding, but they occurred Mfith approximately equal frequency in 
those pel sons having, and m those lacking, ectopia of the lens Approximately 20 3 
per cent of the eyes examined had minor degrees of this abnormality of the ins 

Antlv opomeiuc Mea^iu ements — None of the affected membeis of this kindred 
showed skeletal defoimities of a degree sufficient to permit the diagnosis of Marfan’s 
syndrome Nevertheless, the possibility that the abnormality might be accom- 
panied by less pronounced changes in the long bones prompted the inclusion of 6 
anthropometric measurements in the examinations These compiised (1) total 
statuie, (2) span, (3) biacromial measurement, (4) length of the left hand, (5) 
width of the left hand and (6) length of the left middle finger All members of 
the kindred were measured except the younger children Statistical analysis of the 
data failed to reveal an association between any of these measuiements and the 
defect of the lens After adjustment for age variations, the variance between 
affected and unaffected like-sexed sibs was in no case significantly greater than 
the variance among sibs of like sex and ocular conditions There is no suggestion 
so far as these measurements are concerned that ectopia lentis is related to the 
genetic sjmdrome of arachnodactyly 

Gonwscopic Fmd'iiigs — Gonioscopic examination was performed on 7 of the 
affected members No abnormality of the filtration angle was noted with the 
exception of gross irregularity in its depth This had been anticipated in view of 
the lenticular dislocation and tilting Subject 7-2 presented a narrow angle glau- 
coma type of filtration angle with numerous peripheral anterior synechias His 
indencleisis opening was satisfactory in each eye 

C atm acts — In this pedigree a comparison of the nonaffected and affected per- 
sons of the same age as to the presence of cataractous changes indicates that the 
dislocated lens is predisposed to opacification It is probable that the interference 
in the normal physiology of the dislocated lens may also result m metabolic dis- 
tuibances which terminate in cataractous foimation 

Glaucoma — In this study glaucoma, either secondary to complete luxation of the 
lens in the anterior chamber or primary noncongestive, was a frequent sequela of 
ectopia lentis Anterior chamber luxation is thought or is known to have occurred 
in 1-1, 2-2, 2-5, 7-5, 9-4, 18-3, 22-1, 22-3 and 42-2 Primary noncongestive glau- 
coma had been diagnosed and surgically controlled in 7-2 Glaucomatous 
symptoms had been experienced by 16-2 and 18-2 No member of the pedigree 
who was normal so far as ectopia lentis is concerned displayed any evidence of 
glaucoma despite a constant search for the disease All affected members of this 
pedigree weie warned of the possibility of glaucoma occurring and of its serious 
sequelae 

TREATMENT 

The treatment of ectopia lentis is preferably prophylactic All affected persons 
should be made acquainted with the genetic pattein of inheritance of the anomah 
and impressed wuth the consequences of having children All offspring of affected 
persons should be subjected to a most complete ocular examination bj a competent 
ophthalmologist in order to rule in oi out the presence of ectopia lentis When the 
anomaiv is found refraction wuth or wuthout cjcloplegia should be attempted to 
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secure the most satisfactory visual acuity through either the phakic or the aphakic 
portion of the pupillary opening Refi active correction should be prescribed as 
early in life as possible in an attempt to prevent the development of amblyopia 
and accommodative divergent strabismus 

Ectopia lentis is not often a suigical problem unless the visual acuity is 
extiemely poor or luxation of the lens into the anterior chamber occuis The latter 
complication occurs most frequently shoitly after the patient retires, when the room 
is dark and he is in a supine position We have routinely suggested that physostig- 
mine salicylate ointment (0 25 per cent) be instilled into the conjunctival cul-de-sac 
when the patient retires in an attempt to prevent this seiious complication 

The patient with ectopia lentis with the lens in the anterior chamber presents 
a most serious surgical problem Miotics aie employed intensively in an attempt 
to constrict the pupil behind the lens preliminary to extraction The patient is 
kept m a supine position on a Bradford frame during the administration of the 
miotic When satisfactory miosis is seemed the patient is placed prone on the usual 
cataract stretcher, and a corneoscleral suture is inserted The lens is then fixated 
with a knife needle, and while the assistant steadies this the surgeon makes a 
scratch incision with a keratome or a von Graefe knife, since the anterior chamber 
IS too shallow to permit the making of a regular corneal incision After very slow 
decompression of the anterior chamber the incision is enlarged with Stevens’ 
scissors No iridectomy is perfoimed The lens is delivered with either a lens 
loop or an intracapsular forceps, according to which will prove more efficacious 

When the visual acuity is so poor that surgical inteivention is indicated a great 
deal of individualization must be practiced The position, character and extent 
of the lenticular displacement will determine the surgical approach Optical 
iiidectomy frequently gives a clear and sufficient opening for aphakic vision In 
the case of nasal and inferior displacement of the lens, a carefully placed naso- 
inferior iridectomy may permit utilization of phakic vision Discission of a partially 
dislocated lens results in a high percentage of undesirable sequelae A discission 
with two knife needles followed by linear extraction when needed is suggested 
The knife needles are inserted into the cornea at opposite meiidians, one to fix and 
hold the lens and the other to rend the capsule and cortex It is to be emphasized, 
however, that discission performed in this manner requires considerable experience 
and IS not an easy procedure 

Intracapsular extraction is fraught with danger, as a large number of the eyes 
present fluid vitreous Removal of the lens by loop extraction is piactically always 
followed by serious loss of vitreous 

Glaucoma is a frequent complication of ectopia lentis The tieatment of this 
must also be individualized It is our policy to tieat the eye as aphakic, and, of 
course, the operative procedure of choice is cyclodialysis 

To summarize, surgical intervention in the treatment of ectopia lentis is a 
serious and dangerous undertaking 

ECONOMIC CONSIDERATIONS 

Visiting the homes of the various families gave us an unusual opportunity to 
witness the influence of ectopia lentis on the economic status, mental and physical 
well-being and range of education of the affected members 

Generally speaking, the level of intelligence was aveiage m this kindred with 
no exceptional variations noted in any sibship The homes of most were moderate 
to pool, being chaiactenstic of the lowei income brackets On the whole the 
kindred was composed of pleasant personalities who enjoyed pleasing marital 
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congeniahty The homes of the affected persons were distinctly inferior to those 
of then normal sibs with the exception of the farmeis It was apparent that 
affected persons were limited m then choice of spouses 

No exceptional educational achievement was evidenced by any of the kindied 
and most of the affected members had left school early because of their octilai 
handicap The lack of education was reflected m the type of vocation followed b\ 
the members with ectopia lentis 

The mental and phj^sical well-being is gieatly influenced by the piesence of 
ectopia lentis The affected person is impressed early in life with the fact that he is 
in some manner “different” from his playmates Childhood indifference and 
fiankness emphasize this variation The lowered visual acuity limits the child in 
competitive spoits and activities Competition m the present school system is 
gieat, and a preiequisite to success is good visual acuity, which, of couise, the 
majority of the affected persons do not possess Thus, the child gradually falls 
behind his acquaintances and loses interest and self confidence, and he leaves school 
at the first opportunity Ocular pain and headache are the most frequent com- 
plications and possibly accompany episodes of increased intraocular piessure The 
pain described by some persons was so excruciating as to incapacitate them The 
evei present threat of dislocation of the anterior chamber with subsequent glau- 
coma was known to most of the affected members, who limited vigorous activity 
in accordance 

A kindred of this chaiactei frequently becomes a buiden to county and welfaie 
funds This family is no exception Membeis 18-3 and 18-4 once were waids of 
the Toledo School for the Blind , 42-2, 42-3 and 42-4 had frequently been the 
recipients of county medical attention, 42-2 had two surgical interventions and, 
of course, had to be hospitalized, 24-1 and 23-2 also received county medical 
attention foi then visual anomaly 

Many of the affected members, both in financial and m personal care, had been 
a great burden to their parents and relatives, 32-3, 32-4, 7 - 2 , 9-4 and 22-1 had 
all been frequent visitors to ophthalmic clinics and ophthalmologists, at no mean 
expense to their supporters, 7-2 was laigely dependent on his wife and daughtei 
for his support, 26-3, with one eye useless and the other amblyopic, was an 
economic liability to his parents, 7-8 and 9-7 were successful faimers, possibh 
because faiming does not place such a premium on good visual acuity 

SUMMARY 

A pedigree of ectopia lentis is presented which displays dominant inheritance of 
the anomaly, with 2 instances of “lack of penetrance” of the abnormal gene 

No conspicuous associated anomalies of the ins, cornea or pupil were observed 
Cataractous changes are common sequelae of the dislocation of the lenses 
Chronic noninflammatory glaucoma and secondary glaucoma are freqiienti) 
observed, and both carry a serious prognosis for preservation of the visual acuit} 
Anthropometric measurements taken on all members of this kindred failed to 
indicate any association between ectopia lentis and the length of the extremities 
such as IS found m the syndrome of arachnodactj ly 

Ectopia lentis to a considerable degree adversely affects the physical and 
mental well-being, the educational achievement and the economic status of the 
affected person 

Eugenic advice is of mipoitance to both the unaffected and the affected members 
of a kindred exhibiting this dominant pathologic inheritance 

Department of OphthalmologA , Universit3' of Michigan 



ELECTROPHORETIC STUDIES ON SERUMS OF PATIENTS 
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The electi ophoretic technic of Tiselms ^ has been used by a number of workers 
10 study the proteins in normal and in pathologic human serums “ In this method, 
a boundary is formed in a specially designed U tube between a solution of 
proteins in a buffer and an ultrafiltrate of the solution The application of a 
potential gradient across the boundary causes the original single boundary to 
separate into a series of boundaries corresponding to the number of electi o- 
phoretically discrete protein fractions present in the original mixture (certain 
anomalous boundaries being excluded) The boundaries move toward the elec- 
trode of the sign opposite the charge on the proteins forming the boundaries 
By use of a lens, system developed by Philpot,” and later modified by Svensson/ 
the positions of the boundaries can be visualized and the concentrations of the 
protein components determined In short, the components of a mixture of pro- 
teins are separated by their difference in mobility and the number and concentrations- 
of the components determined 

The results obtained by Tiselius ° on horse serum, as modified by the later 
work of Longsworth and Macinnes,® indicated that there aie four components 
Stenhagen,^ extending the work to human serums, found the same number of 
electrophoretically discrete fractions The component occurring in the greatest 
concentration in the serum and possessing the greatest mobility has been shown 
to be albumin The three remaining fractions are globulins and have been termed 
alpha, beta and gamma globulins Moore and Lynn made a statistical analysis 
of the concentrations of the various components of the protein of normal serums 
Their results show that the concentrations of the four components are remarkably 
constant 

Longsworth, Shedlovsky and Maclnnes,-*" m a study of the serums of 10 
patients with vaiious pathologic conditions, found notable changes in the electro- 
phoietic components Gutman and his co-workers reported on extensive studies 

“ Snvder Fellow in Ophthalmic Research 

From the Depaitments of Ophthalmology and Physiological Chemistry, Northwestern 
University Medical School 
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made on the serums of patients with myeloma Seibert® described changes 
occurring in the serum protein in association with tuberculosis 

The investigations of Tiselius ® on horse serum, of Newell and co-workers ® 
on allergic human serums and of van der Scheer, Wyckoff and Clarke on anti- 
bacterial serums indicate that a great number of antibodies are associated with 
the gamma globulin fraction or with a fraction (T) with a mobility between that 
of the beta and that of the gamma fraction 

The investigation of the serum proteins of patients with various ocular conditions 
was undertaken to determine whether the local pathologic process in the eye has a 
widespread effect on the body fluids The involvement of the uveal pigment and 
the lens, which have been shown to be antigenic in various ocular disturbances, 
suggested that sensitization might occur and result in changes in the serum protein 
Studies of serum proteins in cases of glaucoma by earlier methods failed to 
disclose abnormalities However, the work of Cohn and his co-workers and 
Gutman and his group on the comparative merits of salting-out technics and 
electrophoretic separation showed that the chemical method used m the earlier 
work IS largely inadequate for determination of changes in the various fractions 
of the serum protein 

METHOD 

Blood was drawn into a test tube, and after it had clotted the serum was poured off and 
centrifuged The serum was diluted with 3 volumes of a buffer solution consisting of 0025 
molar lithium diethylbarbiturate, 0 025 molar diethylbarbituric acid and 0 025 molar lithium 
chloride, described by Longsworth, Shedlovsky and Macinnes 2 b The buffer has a pa of about 
7 8 at 25 C The pa, which was determined for each specimen with the glass electrode, was 
7 8 ± 0 1 for all serums The diluted serum was dialyzed against 2 liters of buffer for at 
least forty-eight hours in the ice box, with merthiolate as a preservative After being filtered, 
the dialyzed serum was placed in the electrophoresis cell in the usual manner and the separa- 
tion carried out Photographs of diagrams of the boundaries obtained with the Philpot- 
Svensson lens system were made, and the descending pattern was enlarged for determination 
of the areas under the peaks The concentrations of the various fractions were obtained 
from the descending areas The total protein concentration of the serum was determined bj the 
falling drop method 

RESULTS 

The data obtained in the electrophoretic analyses of the serums of 18 patients 
with various pathologic ocular conditions are presented in the table For com- 
parison, the statistical values of Moore and Lynn for normal serums are also 
given Results of analyses of normal serums in the laboratory with which we 
are associated are in complete agreement with these values 
^'’Before the'^^changes in concentration of the serum protein fractions are con- 
sidered, it must be pointed out that the patients used in this study for the most 
part had other pathologic conditions associated with the ocular lesions, these com- 
plicating states might be responsible for the changes observed or might mask 
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J Am Chem Soc 62 3386, 1940 




623 


A nines are expressed in grams per hundred cubic centimeters 



624 


ARCHIVES OF OPHTHALMOLOGY 


more specific changes An attempt was made to select patients with uncomplicated 
ocular disease, but with conditions such as glaucoma the absence of other pathologic 
processes is rare 

Consideration of the data in the table shows that significant changes were 
found in all the patients studied except for 1 with chronic iridocyclitis (case 61) 
and another with macular degeneration (case 66) Changes occurred in all the 
fractions, with no apparent correlation between the alteration in any fraction or 
fractions and the type of pathologic process present 

A more startling change was found in the diagrams of the ascending boundaries 
of serums of all the patients except the one with macular degeneratfon (case 66) 
Typical diagrams of ascending and descending boundaries found with the various 
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Diagrams of ascending and descending boundaries for the serums of patients with \anous 
ocular diseases and for normal serum 




pathologic conditions are presented in the figure, with the patterns of normal 
serum for comparison 

In all xif the^ascending patterns the beta boundary is composed of two or 
more fractions Inthe pafferh for chronic simple glaucoma' there ale three pe aks 
at the position of the beta bounda ry, a nd an idditional boundary a^^ars b^veen 
t ire'betT'and the gamma fractio n In Hie patterns for secondary glaucoma and 
ac ute glaucoma, the beta boundary on the ascending side is clearly separated into 
* JtW 0 -JT?^hPPS, and the boundary on the descending 'side also shows a splitting 
of this fraction The ascending patterns for serums of patients with other pathologic 
conditions show the ne^ p. es to varying extents It is noteworthy that 

the serum of the patient ol) with chronic iridocyclitis, which gave normal 

protein concentrations, clearly shows the changes in the beta boundarj'^ 
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COMMENT 

Oculai disease cannot definitely be held lesponsible loi the significant changes 
in the concentrations of the protein fi actions m the set uni of the patients studied 
because of the existence of othei pathologic conditions which might complicate 
the pictuie However, t he a ppearan ce of new fractions in the beta bounda ry , 
mav be assigned to the ocular lesion wit h moie certaint y because o f the fail uie 
of otlierinvestigatoiT~Io~TTnd~ these" changes associated with a large number of 
other patliologic conditions / The appearance of new protein~lTaHions seems to 
be a chaiacteristic observ^ion in cases of chronic nitiaocular disease < 

It IS possible that this alteration in the seiuiii piotein picture is caused by the 
elaboration of a new fraction by the body pi i espouse to some antigen originating 
m the eye In all probability, this antigen is eithei uveal pigment oi lens protein, 
since these substances are the only homologous antigens which have been demon- 
strated in the eye The appearance of the new fi action with conditions in which 
the lens is thought not to be involved suggests that the pigment is the moie 
important factor 

The reason for the absence of the new boundai y oi boundaries on the desce nd- 
ing side of the diagram of a number of serums is not know n Its piesence on 
the descending side in ceitain of the serums indicates that the change might appeal 
in all diagrams on more prolonged electrophoresis, but the possibility that this 
alteration is due to the breaking of some complex in the beta boundary must be 
considered / 

Fuither work on the entire problem is in progress 

SUMMARY 

Electrophoretic analyses of the serums of patients with vaiious ocular disease-? 
have been made 

Significant changes in the concentration of the electrophoretic fractions have 
been found These changes did not appear to be characteristic of any given ocular 
condition 

A new boundary with a mobility between that of alpha and that of beta globulin / 
appeared in the ascending pattern of serums of patients with chronic glaucoma,/ 
iridocyclitis and sympathetic ophthalmia " ' 

Slight indications of the new fi action in the serum of patients with secondary 
glaucoma following extracapsular extraction and cortical cataract were found 

The possible relation of the changes in the protein of the serum to sensitiration 
IS discussed 

The electrophoretic equipment used in this study was constructed with funds furnished 
by the Abbott Research Foundation of Northwestern University and the American Associa- 
tion for the Advancement of Science 

Dr S R Gifford gave advice and aid in this studv 

Northwestern University Medical School 



A NEW OPHTHALMIC IMPRESSION MATERIAL 


THEODORE E OBRIG, BA 

NEW YORK 

The satisfactory fitting of contact lenses became '& possibility when J Dallos, 
in 1933, discovered the feasibility of making molds ot the living human e 3 e with 
Pollner’s negocoll 

The disadvantages of the use of negocoll involve primarily physical factois, 
such as the time consumed in prepaiation The boiling foi liquefaction takes almost 
an hour The hot liquid negocoll must be transposed m a theimos jai and sub- 
sequently cooled in a glass beaker With constant agitation with a staring ther- 
mometer, It IS cooled to an exact tempeiatuie, at which it must be immediately 
placed on the eye The slight chemosis produced by the heat of the liquid negocoll 
(106 F ) and the slight sting experienced by the patient after the mold has been 
removed, while not of much consequence, are also undesirable 

One of my students, who has made a hobby of contact lenses, obseived a 
technic for the molding of living tissues other than the eye This diew his 
attention to a preparation which he believed would be superior to negocoll He 
sent an experimental quantity of this mateiial to me and to Mis Gertrud Salvatoii, 
who has made several thousand contact molds She immediately began clinical 
experimentation During the early months of her work, facts weie uncoveied 
which necessitated changes in the foimula of the molding mateiial as oiiginally 
submitted With the cooperation of the manufacturing chemists, the present 
formula of the new molding powder was attained in the summer of 1942 
^ As soon as the basic experimental work was completed, the finished pioduct 

was demonstrated to me I immediately verified the observations of Mi s Salvatoi i 
and have used the new molding powdei foi six months 

After 500 clinical patients had been obseived and studied undei medical supei- 
vision, the new molding piepaiation was released for geneial use undei the name 
moldite powdei ^ It is an alginate gelling agent which reacts when mixed 
with distilled water The gelling is retaided by a pieparation which gives sufficient 
tune foi the material to be placed on the eye and the molding shell centeied befoie 
the gelling takes place 

The advantages of moldite pow der ovei negocoll may be stated as follow's 

1 Heating utensils, thermoinetei , thermos bottle and beakeis aie eliminated 

2 The preparation is simple, the pow^der is merely mixed wuth distilled w'atei 
and the mixture spatulated for tW’’o minutes 

3 The setting time can be regulated by variation of the tempeiature ot the 
water and the time of spatulation Warm w'ater causes more rapid gelling, cold 
water retards gelling 

4 This material remains in a flowing state for about four minutes from the 
time It is first mixed with distilled w'ater at room tempeiature This latent peiiod 
before actual gelling, is valuable in that it gives the eye time to become fixed m 

1 This IS T product of secret composition, according to the author, the manuiactiirer 
rciuses to provide the formula for it 
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a state of rest and also allows any alteiation of the position of the casting shell 
without the production of conjunctival wrinkling 

5 The gelling process starts abruptly and continues lapidly to completion in 
about thirty seconds In cases of nystagmus this feature is important 

6 When the casting shell is removed, it is immediately evident that the moldite 
separates very readily from the eye and that manipulation of the upper hd is not 
necessary 

7 The elasticity of the preparation is such that pai tides of the gel seldom 
bleak off and remain m the fornices This eliminates any manipulation by instru- 
ment 01 other means to remove foreign bodies A simple irrigation is sufficient 

8 After the casting is completed, the eye appears normal, with slight signs 
ol nutation, as evidenced by the absence of conjunctival injection, chemosis, 
teaiing and photophobia 

9 The patient does not complain of binning, stinging or other disagreeable 
symptoms 

10 There is no greater bluiring of vision or alteiation of visual acuity than 
would be experienced fiom a similai instillation of local anesthetic and epinephrine 



Fig 1 — Perforated plastic casting shells 


Without the molding The slight blur ivlnch is occasionally expeiienced disappears 
in half an hour 

TECHNIC 

The technic of making a mold of the human eye m moldite is simple and rapid The 
equipment necessary consists of two rubber bowls (one for the moldite and one for the dental 
stone) , one spatula, two casting shells, one wide-mouthed 10 cc graduate, one cylinder 10 cc 
graduate , moldite powder , dental stone (castite is best) , distilled water, and a muscle hook 2 
For a rapid, successful molding, the patient should be prepared both physically and 
mentally in order to insure his active cooperation 

To quiet his imagination, the entire procedure should be described briefly The only 
instrument to be used near his eyes, the muscle hook, should be shown him with the com- 
ment that It is nothing but a bent piece of well rounded wire, with no sharp edges As trial 
contact lenses have already been applied, he should be told that the molding is no more 
disagreeable than the insertion of these lenses 

It should be forcefully stated that the successful completion of the molding depends on 
his cooperation, principally in four ways First, he must keep the eye not being worked on 
open and gazing at a predetermined point in order to center the cornea properly, second, 
he must keep his eyes quiet and fixed on this point for the second two minutes at least , 

2 The equipment described in this article can be obtained from the Obrig Laboratories Inc 
49 East Fifty-First Street, New York 
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third, he must move his ejes as he is diiected when the mold is being lemoved, and, fourth, 
he must keep his eyes wide open at all times and must not squeeze his lids down at any time 
during the process Actually, all this is simple, and it is seldom that a patient gives am 
trouble If he squeezes down the lids, the operator should stop work until he relaxes them 
agam No harm can come if the moldite and the casting shell on the eye are left for a 
short time The operator should take his time and work deliberately and according to 
routine 

The casting shell which I use at present is the product of a gradual modification of the 
■original glass molding shell designed seven years ago Within the year important changes 
have been made which add considerably to its efficiency The present solution of the problem 
IS a plastic molding shell 24 by 27 mm It has much the shape of an eye cup, with the flat 
base removed The depth of the shell from the shallowest portion of the arched edge to 
the integral hollow handle is approximately 10 mm The handle is 25 mm long, slightl} 
tapered, completely hollow and open at the end The shell wall is pierced with multiple 
perforations about 1 mm in diameter These perforations, in conjunction with the hollow 
handle, allow the excess moldite gel to escape as the shell is placed on the eye, any pressure 



Tig 2 — Simplified equipment for the making of molds of the ev'e with moldite 


on the ejeball being thus eliminated The perforations further prevent the loosening ami 
separation of the moldite from the casting shell during its removal from the ej^e by affording 
It firm anchorage 

One of the long ends and the handle of the shell are marked with a red line to indicate 
the position of the right nasal side (red for right) Green markings are placed on the shell 
used for the lett eve 

The patient should have thorough anesthetization of the conjunctiv'a and cornea vv'ith ^ 
0 5 per cent solution of pontocaine In drochloride Two drops of the anesthetic is placed m 
each e 3 e five minutes before the moldite powder is mixed Two minutes should elapse before 
the second drop is instilled A third drop may be instilled in the eye for which the cast m 
to be made when spatulation is begun A minute later a fourth drop of anesthetic and 1 drop 
of epinephrine hv drochloride (1 1,000) arc instilled 

The patient is placed in a supine position in a treatment chair or on a table, the operator 
making sure that the head is in a comfortable position, the procedure is then as follows 

1 Tcn^ cubic centimeters of moldite powder is measured out in the wide-moutlied grad- 
uate and 7 cc of distilled water in the c>linder graduate The powder and water are mixed 
in a small rubber bowl and spatulated to a smooth creamj mixture, about the consistcnc' of 
face cream, the process being continued for two minutes 
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2 The patient is instructed to fix his ga7e so that the eye for uliich the cast is first to 
be made (usually the right) is turned so that the lower edge of the ins is at the lei el of the 
lower ltd down and slightly to the nasal side The upper and temporal scleral areas are the most 
important m a good mold 

3 The operator should w'ork from back of the patient’s head rather than from the side 

4 The assistant should dry both lids 

5 The moldite is scooped up on the spatula and the mixture placed m the casting shell 

6 The casting shell is held concare side up in the right hand, wntli the line marking the 
inner canthus facing toward the outer canthus, so that when the shell is turned over to be 
placed on the eye the mark will be directed nasally 

7 The upper lid is seized wnth the index finger of the left hand, the finger being parallel 
uuth not nt on flexrrcpjL tn^hR._mannn of The hd This ciyes better traction The lid is 
retracted as tar oacK as possiuic me assistam reiracis me lOwei uu at me sauie -mue, 
w'lth a piece of gauze over his finger to insure traction 


8 The casting shell with the moldite is turned over and placed under the upper hd with 
the canthus mark turned up in the right eye and down in the left eye Pressure is exerted 
against the upper hd, contact with the cornea being avoided The whole shell is then rotated 
clockwise, so that the marking line is turned to the inner canthus and the shell slipped dowm 
under the lower hd If the operator misses getting the shell under the upper lid, he should 
not work where the spilled moldite keeps him from seeing what he is doing The shell 
should be removed, the moldite allowed to set, the material removed, the eye washed out and 
the process started over again If the lower hd does not slip over the casting shell at first, 
the assistant should push up on the handle of the casting shell and retract the lower hd once 
more with a piece of gauze over his finger to give traction 


9 As soon as the casting shell is on the eje, the lids are released Ihe handle of the 
shell should not be held The assistant may run his fingers up over the edge of the lower 
lid to make sure that it is over the casting shell The margin of the lid cannot be seen 
because of the overflowing moldite 

10 The excess moldite should not be wiped away As much as possible is spilled on the 
lids and lashes It acts as a splint 

11 The patient must keep the free eye wide open and steady, without blinking if possible. 
This should be comparatively easy because of the anesthesia No reflex due to drying of the 
cornea is likely to occur 


12 Five minutes from the time the powder and water are mixed the moldite will gel on 
the eye The gel on the outside of the eye is then removed First, the lashes of the upper 
hd are pulled out of the moldite with the muscle hook Then the edges of the moldite gel 
are loosened from the lids, the cheek and the region of the inner canthus If the entire 
mass IS carefully worked and raised with the index finger and the hook, it will all come oft 
m one piece The operator should not be concerned, however, if it must be removed m 
a number of pieces He should take his time, no discomfort is given the patient 

13 The -patient is instructed to look up toward the operator as far as possible The lowei 

hd is retracted with the index or the second finger of the left hand Firm pressure is directed 
upward on the handle of the casting shell with the thumb or the index finger of the same 
hand, and it is forced gently toward the eyebrow With the muscle hook in the right hand, 
the operator gently stretches the folds of the bulbar conjunctiva downward and away from 
the casting shell with the portion of the hook forming the rounded angle At the same time 

slight pressure is exerted on the sclera until air is heard or felt to enter under the casting 

14 The patient is instructed to look down and the casting shell is removed, slight pres- 
sure being maintained against the upper lid as the shell is pulled down and out 

15 The moldite mold is filled at once with fixing solution This is important The cast- 

ing shell IS placed, handle down, into a short, squat, narrow-mouthed bottle, such as that m 
which opticians obtain spectacle screws The fixing solution is prepared from the white 
tablets supplied with the moldite powder One tablet is dissolved in 200 cc of water The 

fixing solution should be kept in a conspicuously marked bottle, so that it will not be con- 

fused with the distilled water or come in contact with the eye 

16 The attending physician should now irrigate the eye thoroughly to remove any small 
particles which may have become detached from the outside of the casting shell 

17 The cast is made for the left eye with the same technic except that no anesthetic is 
instilled into the right eye Two instillations into the left eye of the anesthetic and one of 
the epinephrine solution is all that is necessary 
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18 With both negative molds completed and filled with fixing solution, about inch 
(1 27 cm ) of water is poured into the second rubber bowl and sufficient castite (hard dental 
stone) sprinkled on with the spatula to absorb all the water, and then a bit more is added 
This mixture is spatulated well The bowl is tapped to force any air bubbles to the surface 
The dental stone is mixed as thick as possible, but thin enough that it will flow 

19 The fixing solution is poured out of the negative mold and the mold dried lighth 
with a piece of cotton 

20 The dental stone is poured into the negatne mold from the side, without contact with 
the moldite gel or the casting shell One can do this by pressing the rubber bowl into a 
spout and alternately pressing on and releasing the spout, so that the stone is forced into 
the mold If castite is used, it will level off with no attention 

21 The stone is allowed to harden foi about a half-hour 

22 With a stylus or a pencil with a sharp point, a horizontal line is drawn from tlic 
inner to the outer canthus The operator holds the casting as if he had just removed it from 
his own eye, with the inner canthus mark directed toward his own inner canthus Then, 
above the horizontal line, in the center, an R is engraved for the right eje and an L for tiie 
left eye, an N is engraved to the nasal side, and a T to the tempoial side Below the line 
the patient’s name is engraved, thus 

TLN NRT 


Jones Jones 

23 In about an hour the positne cast is separated from the negatne mold If castite 
stone is used, this is easy 

49 East Fiftj -First Street 



EFFECT OF SULFONAMIDE OINTMENT ON HEALING OF 
EXPERIMENTAL WOUNDS OF RABBIT CORNEA 
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MICHEL LOUTFALLAH, MD 

NEW \ORIC 

The local tieatment of vanous nifeclive pioccsses of the eye with sulfonamide 
compounds has been reported, but the results obtained have not been uniform ^ 
According to Bellows,^® topical application of sulfonamide compounds is “effective 
in pyogenic deimatoses, infectious blepharitis, inclusion blennorrhea, and some forms 
of acute conjunctivitis ” These substances also have been used locally in prophylactic 
treatment and in therapy of open surgical wounds subject to contamination with 
micro-organisms ^ Accoi ding to Long ^ “sulfonamide ointments are of value m the 
treatment of infected wounds ” The local application of crystalline sulfonamide com- 
pounds has been recommended foi the treatment of wai wounds, in which infections 
wnth gas bacilli, staphylococci oi hemolytic stieptococci are likely to occui ‘ Recently, 
the use of sulfanilamide and its derivatives, either in the form of powders oi 
incorporated in ointments, has been suggested for the treatment of fractures of 
the orbital w^alls and of bui ns of the ej elids or the anterior portion of the eyeball 

Experimental studies with sulfonamide compounds on the eyes of rabbits weie 
first made by Rambo ® He showed that these compounds can be safely used in 
the conjunctival sac as a saturated aqueous solution, as a very fine powder or as a 

From the Department of Pathology, Cornell University Medical College 

This study was aided by a grant from the John and Alary R Markle Foundation, the 
Ophthalmological Foundation, Inc, and the Dazian Foundation for Medical Research 
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5 pel cent suspension in olive oil Injection of 0 02 Gm of sulfaxiilamide in aqueous 
suspension into 4 e}es infected with streptococci resulted in complete healing of 3 
eyes and in a delay of the infectious process in the fourth, while 4 untreated 
contiol eyes became purulent within four days Sulfanilamide applied in ointment 
form readily penetrated the normal cornea of the rabbit," but othei sulfonamide 
compounds (sulfap)midme, sulfathiazole and sulfadiazine) were lecovered from the 
aqueous onl)'^ m small quantities Powdered sulfanilamide applied to the conjunc- 
tival sac of the rabbit lesulted m a considerably higher concentration in the aqueous 
than that produced by the salve Howevei, there was slight damage to the corneal 
epithelium, which may have increased its permeabilit}^ to the powdeied foim of the 
drug 

According to Vail,® “the local use ot sulfanilamide ointment or powder, m 
exteinal oculai lesions particularly, is worthy of further trials and studies and is 
of much promise” Ointments containing sulfonamide compounds in appioxi- 
mately 5 pei cent concentration have been employed in the treatment of oculai 
infections ^ Because of the apparent grow ing importance of these substances in 
the tieatment of civilian and military wmr wounds, it seemed desiiable to study the 
effect of local treatment with an ointment containing 5 per cent of sulfonanlide 
compounds on the healing of experimental wmunds of the coinea of rabbits The 
wounds w^ere produced (a) with sterile instruments (Graefe’s knives, wide kera- 
tomes, Hippel’s trephines) and (I?) with similar instiuments previously infected 
wuth hemolytic staph) lococci 

MATERIALS AND METHODS 

Annuals — Male albino rabbits, weighing 2,000 to 2,500 Gm , were used The animals were 
anesthetized by an intravenous injection of pentobarbital sodium, supplemented wuth topical 
instillation of 1 per cent butacaine sulfate into the conjunctival sac 

Expenmental Wounds — The following types of wounds were produced m the coinea 

A Incised w'ounds causing no substantial loss of the corneal tissue 

1 Superficial lesions, measuring approximately 4 mm in length and 0 4 mm in depth 
in%olving the outer layers of the cornea but not penetrating Descemet’s membrane 

2 Deep lesions, measuring approximately 5 mm in length, perforating Descemets mem- 
brane and penetrating the anterior chamber 

B Incised wounds causing substantial loss of the corneal tissue These wounds were 
produced w'lth a guarded trephine and are designated as “trephine wounds ” 

1 Superficial trephine wounds, wuth removal of a cylindnc portion of the corneal tissue 
measuring approximately 3 mm m diameter and 0 4 mm in depth This section of the cornea 
did not invohe Descemet’s membrane 

2 Deep trephine w'ounds, producing a punched-out lesion measuring approximately 1 5 mni 
in diameter, perforating Descemet’s membrane and penetrating the anterior chamber 

Infcchon — tw'entj-four hour broth culture of Staphylococcus aureus haemolyticus was 
freshly diluted wuth sterile broth (1 10) The instruments w^ere immersed for two minutes 
into tlie diluted culture and then used immediately to produce the different tjpes of wounds 
of the cornea This micro-organism was selected because of its frequent occurrence m 
intected ocular wounds 


7 Chinn, H, and Bellows, J G Corneal Penetration of Sulfanilamide and Some oi 
Its Deniatues, Arch Ophth 27 34-39 (Jan) 1942 

S Vail, D J Sulfanilamide Compounds in Ophthalmologj', editorial. Am J Ophth 
24 339-341 (March) 1941 

9 Gu%ton, J S Local Use of Sulfanilamide Compounds in the Eye, Am J Ophth 
24 292-297 (March) 1941 
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Ticaiment — A 5 per cent sulfanilamide ointment and a 5 per cent sulfadiazine ointment 
"were prepared according to Guyton’s formula®® Equal parts of the two preparations ivere 
mnxed and used in amounts of approximately 0 1 Gm 

Of the two compounds, sulfanilamide is “the drug of choice” for topical use in w'ounds 
because of its knowm antibacterial activity and its high solubility and diffusibihty and because 
It appears to be the least harmful to regenerating tissues of the commonly used sulfonamide 
compounds The addition of sulfadiazine, w'hich is equally antibacterial but which is absorbed 
and excreted more slowly than sulfanilamide, was made to obtain a prolonged chemothera- 
peutic effect 

Time of Treatment —Tht first local treatment was given shortly after the production of 
the w'ound, usually at 9 a m , a second application of ointment was made at 1 p m and a 
third at 5 p m Thereafter, local treatment w'as continued every day at 9 a m , 1 p m 
and 5pm until the eye showed clinical signs of healing If the condition of the eye did 
not improte within two w'eeks, treatment was discontinued 

Climcal Eranmation of the Eyes — The eyes were examined each morning before appli- 
cation of the treatment The cornea was examined wuth a magnifying device and with focal 
and diffuse illumination The specular reflex w'as often observed In addition, the eyes w'ere 
stained with a 2 per cent solution of fluorescein sodium The wound was considered clini- 
cally' healed when the cornea did not stain w'lth the dye and the other gross signs and symp- 
toms of conjunctivitis, iritis and keratitis had subsided 

Labotatoiy Evammations — ^Material obtained w'lth a sterile cotton sw’ab from the corneal 
surface was examined before traumatization and repeatedly during the course of the treatment 
Cultures were made on solid and m liquid mediums Histologic studies were made on 39 
eyes after the death of the animals The eyes w'erc fixed in Helly’s fluid, and sections w'ere 
stained w’lth hematoxylin and eosin 

RESULTS 

Experimental wounds were produced on 88 corneas Three animals weie 
killed yvithm fifteen minutes after traumatization and the eyes preserved to illustrate 
the various types of lesions produced Of the remaining 82 ejes, 32 were treated 
wuth the sulfonamide ointment, 17 received the ointment base yvithout the sulfon- 
amide compound and 33 yvere not treated 

Healing of Sitperfiaal and Deep Incised Wounds of the Coinea — A supeificial 
incision of the cornea was produced with a sterile instrument on both eyes of 6 
rabbits Of the 12 eyes, 4 were treated with the sulfonamide ointment, 4 received 
the ointment base without the sulfonamide compound and 4 -were not treated 

In a second group of 6 rabbits an incision penetrating into the anterior chamber 
•of both eyes was produced with a sterile keratome As m the first group, 4 eyes 
were treated with the sulfonamide ointment and 4 eyes wnth the ointment base 
alone, and 4 ejes received no treatment 

The results obtained on these 24 eyes are summarized m table 1 
There was no significant difference m the average healing time of superficial 
•corneal lesions between the wounds treated with the sulfonamide ointment, the 
wounds treated wuth the ointment base alone and the wounds receiving no treat- 
ment The average healing time of deep corneal incisions treated with sulfonamide 
ointment was considerably longer than that of the untreated control wounds A 
similar delay m the healing process was also observed when the ointment base alone 
was used Therefore, the retardation in the healing processes m this group cannot 
be attributed to the action of the sulfonamide compounds 

9a Guyton® The formula employed was as follows Ten parts of the sulfonamide com- 
pound ('sulfanilamide or__ sulfadiazine) was dissolved in 25 parts of boiling water, and 4 parts 
of sodium alginate, m 75 parts of boiling water These solutions were mixed and stirred until 
cool Sixteen parts of anhy'drous wool fat, 1 part of sodium chloride dissolved in 4 parts of 
w'ater and 78 parts of white petrolatum base were added to the sulfonamide-sodium alginate 
mixture and stirred until a smooth ointment w'as obtained 
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A slight conjunctival leaction, lasting foi appi oxiinately six houis aftei the 
traumatization, was the only clinical manifestation observed in some of the eyes 
with superficial incised wounds When deep incisions penetrating into the anteiior 
chamber were pioduced, a pronounced conjunctival reaction, with some discharge, 
and slight oi moderate iritis were fiequently noted These leactions subsided vithin 
one to three days after the experimental incision The anteiior chamber was 
reformed in from six to twenty-four hours after the incision 

In a third group of 6 rabbits superficial and deep incised wounds of both corneas 
were produced with instruments infected with hemolytic staphylococci Six eyes 
were treated with the sulfonamide ointment, and 6 eyes were not tieated The 
ointment base alone was not employed because it did not accelerate healing of 
nonmfected wounds and therefoie could not be expected to be effective in the 
presence of micro-organisms 

In this gioup, again, the tendency of the superficial wounds to heal was good 
The average healing time of the eyes treated with sulfonamide ointment was 40 
houis, and that of the untreated controls was 24 hours A slight conjunctnal 
reaction of short duration was the only clinical symptom in this group 


Table 1 — Effect of Local Tieatment with Sulfonamide Ointment'' on Healing Time of 
Sitpeificial and Deep Noninfected Incised Wounds of the Cornea of Rabbits 


Type of 




Average 

Incised 

No of 


Time of Healing, 

Healing 

Wound 

Ljos 

Treatment 

Hr 

Time, Hr 


f ^ 

Sulfonamide ointment 

22, 22, 24, 46 

28 0 

Supcrficnl 

1 ^ 

Ointment base 

22, 24, SO, 48 

31 


1 4 

None 

24, 24, 24, 24 

24 


f 4 

Sulfonamide ointment 

24 96 06 120 

84 

Deep 

i ^ 

Ointment base 

24, 90 96, 120 

84 


1 4 

None 

24, 48, 48, 48 

42 


• Ointment containing sulfanilamide and sulfadiazine in S 5 per cent concentration each 


Healing of deep incised infected wounds occui red in only 1 ej e ti eated with 
the sulfonamide ointment for ten days The other 5 eyes (2 treated and 3 unti eated) 
became progressively \voise Within twenty-four hours after traumatization, inflam- 
matory reactions of the cornea, conjunctiva and iiis appeared There was also 
considerable mucopurulent discharge Keratitis, conjunctivitis and iritis became 
more evident during the next thiee to four days, and a hypopyon ulcer frequentl} 
developed At this time the eyes presented marked to extensive conjunctivitis 
and keratitis, with pannus formation and ulceration of the cornea and moderate 
to severe iritis and uveitis The end result was complete blindness from endoph- 
thalmitis or phthisis bulbi The staining reactions remained positive throughout 
the course of the experiments 

Our observations on the effect of local treatment with a 5 per cent sulfonamide 
ointment on the healing time of incised experimental wounds of the cornea ot 
rabbits gave the following results 

Superficial wounds, both noninfected and infected, healed in from 22 to 4S 
hours The average healing time of the treated eyes and that of the untreated 
control eyes did not shov significant differences 

Deep noninfected wounds healed in from 24 to 120 hours The average healing 
time of the untreated control eyes Avas 42 hours, and that of the treated eyes was 
84 hours The sulfonamide ointment and the ointment base alone shoAved the 
same retarding effect on the average healing time , therefore, the retardation can- 
not be attributed to the action of the sulfonamide compounds Healing of deep 
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infected wounds occuiied in onl}' 1 eye, which was tieated with sulfonamide oint- 
ment foi ten days In the othei 5 eyes (2 tieated and 3 untreated) blindness 
developed from endophthalmitis or phthisis bulbi 

Healing of Superficial and Deep Tiephme Woimds of the Cornea — A super- 
ficial trephine wound was produced with a steiile instiument on the cornea of both 
eyes of 7 rabbits Of the 14 eyes, 5 weie treated with the sulfonamide ointment, 
5 leceived the ointment base alone and 4 were not treated 

In another group of 9 rabbits, a tiephme wound peifoiating Descemet’s mem- 
brane was produced with a sterile instrument in both eyes Six eyes were tieated 
with the sulfonamide ointment , 4 eyes received the ointment base alone and 8 eyes 
had no treatment 

The results obtained with these 32 eyes are given in table 2 
There vas no significant difterence in the aveiage healing time of supeificial 
trephine wounds of the cornea between the eyes treated with sulfonamide ointment 
and the untieated contiol eyes The average healing time of the eyes tieated with 
the ointment base alone was notably piolonged in 2 instances Similarly, the diffei- 
ences in the average healing time of deep tiephme wounds peifoiating Descemet’s 

Table 2 — Effect of Local Ticatment with Sulfonaimdc Omtment'' on Hcahng Time of 
Supeificial and Deep Nonmfeefed Trephine IVouuds of the Coinea of Rabbits 


Tjpe of 
Trephine 

Xo of 


Time of Healing, 

Average 
Healing 
lime Hr 

Wound 

Lies 

Treatment 

Hr 


1 i 

Sulfonamide ointment 

9C, OG, 9G 120, 144 

110 4 

biipeificni 

Ointment base 

0). 120 102 240, 2C1 

48 120, 120, 192 

182 4 

1 4 

Xono 

120 


f 0 

Sulfonamide ointment 

48, 96, 144, 144, IGS, 168 

128 

Perfor iting 

1 1 

Ointment base 

None 

120, 144, 144, 168 

119 


9C, 06, 96, 96, 120, 120, 120, 1C8 

114 


* Ointment containing sultanilamide and sulfadiazine in 2 5 per cent concenliation each 


membiane were slight In the labbits leceiving the deep tiephme wound, the 
untreated control eyes showed the shoitest aveiage healing time 

The clinical pictuie in the labbits that had leceived trephine wounds of the 
coinea consisted in moderate to pronounced conjunctival reaction, with consideiable 
mucopurulent discharge and varying degrees of keiatitis and anteiior uveitis 
These symptoms usually appealed within a few houis after the injury, became more 
pionounced after twenty-four houis and gradually subsided 

Finally, superficial and deep trephine wounds were produced in the corneas 
of 7 labbits with a trephine infected with hemolytic staphylococci Seven eyes were 
tieated with the sulfonamide ointment, and 7 eyes were not treated The ointment 
base alone was not employed because no beneficial action on healing of the wounds 
could be expected from this ointment in the piesence of micro-organisms 

In these animals, healing occurred after treatment with the sulfonamide ointment 
m 5 eyes (in 3, 3, 7, 9 and 14 days respectively) and without tieatment m 3 eyes 
(in 3, 4 and 8 days respectively), while no impiovement was seen in the remaining 
6 eyes (2 with and 4 without treatment with the sulfonamide ointment) The 
clinical picture in this group showed moie severe involvement of the conjunctiva, 
coinea and iris 

Local treatment with sulfonamide ointment of tiephme wounds of the cornea 
of rabbits gave the following results 
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The a^eIage healing time of supeificial noninfected wounds of both tieated 
eyes and untreated contiol eyes did not show significant difteiences, application 
of the ointment base alone retarded the healing consideiably in 2 eyes 

Deep noninfected wounds healed equally well whether the e)es were treated 
or were not treated 

Healing of uounds pioduced with infected trephines occuned in 5 eyes aftei 
treatment ^^lth the sulfonamide ointment for periods varying from thiee to fourteen 
days and in 3 untreated control eyes No healing was obsen’^ed in 2 tieated and 
in 4 untreated eyes 

BACTERIOLOGIC STUDIES 

A total of 143 cultures of material obtained from 48 eyes was examined The 
material from the corneal surface before tiaumatization contained a lariety of gram- 
positne and gram-negative micro-organisms, the most frequent being anhemol}'tic 
staphylococci, other gram-positive cocci and Bacillus subtilis Essentially the same 
microbic flora was obtained m cultures of material obtained at daily intervals 
up to seven days after tiaumatization from both the treated and the untreated eyes 
However, a notable inhibition of bacterial growth was observed in cultures of 
material fiom 8 of 24 eyes that had received treatment with sulfonamide ointment 
for one or two days No inhibition of bacterial growth occuned in cultures of 
material from untreated eyes or from eyes receiving the ointment base alone 

Mateiial fiom the corneal suiface obtained a few minutes after traumatization 
of the eyes with instruments infected with Staph aureus haemolyticus yielded 
these oiganisms in pure culture However, cultures of material taken after twenty- 
four and fort 3 ^-eight hours from both the treated and the untieated eyes again 
contained the mixed bacterial flora previously described 

There was no evident relation between the healing time of the experimental 
-wounds and the results of bactenologic studies 

HISTOLOGIC STUDIES 

Histologic studies were made on 39 eyes Three rabbits were killed wnthin 
fifteen minutes after traumatization in order to study the extent of the experimental 
wounds 

Photomicrographs of the two types of incised and trephine wounds, both super- 
ficial and deep, are shown in figures 1 to 4 It will be seen (figs 1 and 2) that 
the superficial ivounds pierced the epithelium and Bowman’s membrane and 
penetrated the corneal stroma but did not invoh e Descemet’s membrane The deep 
wounds (figs 3 and 4) involved all the layers of the cornea and penetrated the 
anterior chamber 

The histologic appearance of eyes which were considered “clinically healed 
after recening different ty'pes of experimental wounds of the coinea is illustrated 
in figures 5 to 12 The continuity of the epithelial layer covering the corneal 
surface iias completety restored in every instance, this accounts for the lack ol 
staining -with the fluorescein solution 

Photomicrographs of 4 e 3 es ivhich had received superficial incised or trephine 
vounds are shown in figures 5 to 8 These pictures were obtained at the time 
of “clinical healing, ’ which occurred in from 24 to 192 hours Theie ivas marked 
proliferation of the epithelium at the site of the previous injury A slight degree 
of acute inflammation was seen in wmunds produced with infected instruments 
(fig 6) In trephine wounds, wdiich usually required a longer time for healing, the 
comeal stroma at the site of the preiious injury appeared as a healed scar, con- 
taining fibroblasts and a few large macrophages ( figs 7 and 8) 
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Fig 1 — Extent of supeificial incised wound in the labbit’s cornea The animal was killed 
within fifteen minutes after the injury X 120 
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BERENS ET AL—HEALING OF WOUNDS OF CORNEA 

The healing process of deep incised wounds showed thickening of the suiface 
epithelium at the site of the injury, with ingiowth of the epithelium into the wound 
The sections shown m figuies 9 and 10 were obtained fiom the same eye at difteient 
levels, the corneal stioma still presents a gap in one section (fig 10), although 
the epithelium and endothelium appaiently had aheady completely regeneiated 



Fig 5 — Healing of superficial incised wound in the rabbit’s cornea pioduced with a sterile 
instrument, showing proliferation of regenerated epithelium The eye was treated with an 
ointment containing sulfonamide compounds in 5 per cent concenti ation The lesion healed 
in 24 hours, and the animal was killed eighteen hours later X 120 



Fig 6 Healing of superficial incised wound in the rabbit’s cornea produced with an 
infected instrument, showing thickening of regenerated epithelium and a slight degree of 
reactive inflammation The lesion was treated with the sulfonamide ointment and healed in 
24 hours The animal was killed twenty-four hours later X 120 


A typical seal with numerous fibroblasts was seen in eyes in which the healing time 
had been prolonged to 10 days after injury with an infected keiatome (fig 11) 
The healing process of a deep tiephine wound of a labbit’s cornea is shown m 
figuie 12 
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Fig 7 — Healing of superficial trephine wound 
sterile instrument No treatment was administered 


in the rabbit’s cornea produced 
The wound healed in 8 da}'s 


with a 
X 120 



Fig 8— Scar following superficial trephine wound in the rabbit’s cornea produced with 
an infected trephine The lesion, treated with the sulfonamide ointment, healed m 3 days 
The animal w-as killed twent^-four hours later x 120 
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Fig 9— Healing of a perforating incision through Descemet’s membrane of the rabbit’s 
cornea produced with a sterile keratome, showing ingrowth of epithelium into the wound 
No treatment was given The wound healed in 24 hours, and the animal was killed eighteen 
hours later X 120 



Fig 10— Another area of the cornea from the same eye from which the section shown in 
figure 9 was taken Epithelial and endothelial regeneration is completed, but there is still a 
gap in the corneal stroma X 120 



642 


ARCHIVES OF OPHTHALMOLOGY 



Fig 11 — Scar following a deep incision produced m the rabbit’s cornea with an infected 
instrument The wound, tieated with the sulfonamide ointment, healed in 10 days X 120 



Fig 12 — ^Healing of a deep trephine wound in the rabbit’s cornea produced with an 
infected instrument The lesion, treated with the sulfonamide ointment, healed in 7 days 
X 120 


BERENS ET AL— HEALING OF WOUNDS OF CORNEA 


643 


COMMENT 

Healing of ^^omlds in the piesence of sulfonamide compounds is still a contio- 
versial question Some investigators’^® have lepoited letaidation of the healing, 
and other workers ” have observed no evidence of the mtei f erence of sulfanilamide 
with the process of noimal healing The local toxic eftects of sulfonamide com- 
pounds on the oculai tissues have been lecently investigated by Bellows and 
Gluckinan According to these authors, sulfonamide compounds cause severe 
damage to the coinea of rabbits in the absence of noimal epithelium The aveiage 
healing tune of the eyes treated with the sulfonamides was 5 1 days and that of 
the untieated control eyes was 13 3 days 

In oui expel lence, the aveiage healing time of coineal wounds pioduced with 
steiile mstiuments was usually somewhat prolonged in e 3 ^es tieated locally with 
the sulfonamide ointment This was especially noticeable m the eyes that leceived 
a deep incised wound (table 1) However, local treatment with the ointment 
base alone also i etarded healing of the wound , fi equently this retardation was 
gieatei than that observed in the eyes tieated with the sulfonamide ointment 
Therefoie, oui lesults do not permit the conclusion that the sulfonamide com- 
pounds vere lesponsible foi the delay m healing of the wound, but they indicate 
that the introduction of foreign material into a sterile wound may interfere with 
its healing 

In eyes that received experimental wounds with infected instruments the avei age 
healing time could not be determined because 11 of the 26 eyes did not heal but 
became pi ogressively worse Good results weie obseived with the sulfonamide 
ointment In the eyes that had received tiephine wounds with infected instruments, 
healing occurred in 5 of 7 eyes treated with the sulfonamide ointment and m only 
3 of the 7 untreated contiol eyes These figuies aie too small to be of statistical 
significance, but they apparently demonstiate the effectiveness of the sulfonamide 
ointment in treatment of infected coineal wounds 

Ob]ection might be raised to om criteria for the detei mination of “clinical 
healing,” namely the absence of staining with fluoiescein and the legiession of 
the inflammatoiy symptoms However, at the stage of clinical healing the con- 
tinuit}’^ of both the surface epithelium and the endothelial lining is completely 
lestored, while the legeneiation of the coineal stioma may still be incomplete 
(fig 10) Since an intact epithelial surface offers protection against infection by’’ 
invading raicro-oigamsms, no further local treatment with sulfonamide compounds 
would be requiied Therefore, the ciiteiia employed weie sufficient to determine 
the length of time that therapy with the sulfonamide compounds should be con- 
tinued 

Local application of a 5 pei cent sulfonamide ointment, containing equal amounts 
of sulfanilamide and sulfadiazine, usually did not accelerate the healing time of 

10 Veal, J R , Klepser, R G , and De Vito, M P Preparation of Superficial Wounds 
for Skin Grafting by Local Use of Sulfanilamide and Sulfanilamide- Allantom Ointment, 
Am J Surg 54 716-720 (Dec) 1941 Bick, E M Obser\ation on the Topical Use of 
Sulfonamide Derivatives, J A M A 118 511-513 (Feb 14) 1942 Taylor, F W The 
Misuse of Sulfonamide Compounds, ibid 118 959-961 (March 21) 1942 

11 Key, J A, and Burford, T H The Local Implantation of Sulfanilamide in Com- 
pound Fractures, South M J 33 449-455 (May) 1940 Harbison, S P , and Key, J A 
^cal Implantation of Sulfanilamide and Its Derivatives in Wounds Its Relation to Wound 
Healing and to Peritoneal Adhesions, Arch Surg 44 22-26 (Jan ) 1942 Klepser, R G 
Emblems in the Local Use of Sulfonamides, M Ann District of Columbia 11 211-213 (June) 

12 Bellows, J G , and Gluckman, R , cited by Bellows 
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experimental wounds pioduced with sterile instruments on the cornea of rabbits, 
its use, therefore, is of little therapeutic significance This, of course, does not 
preclude the possibility that highei concentrations of sulfonamide compounds, a 
modification m the composition of the ointment or the local use of powdeied 
sulfonamide compounds might not have a different effect and piove to be more 
useful than the sulfonamide ointment used m this series Expeiimental work 
along these lines is m progress 

In agreement with Bellows,’^*^ our results indicate that the local use of the 
sulfonamide compounds can be limited at this time to cases m which chances of 
infection prevail The results obtained with the sulfonamide ointment m our senes 
of e3'^es with wounds produced with infected instruments aie highly promising 

summary and conclusions 

1 Superficial and deep wounds, with or without substantial loss of corneal 
tissue, produced with sterile instruments m the eyes of rabbits were tieated locally 
with an ointment containing sulfonamide compounds m 5 pei cent concentration 
(2 5 per cent sulfanilamide and 2 5 per cent sulfadiazine) and with the ointment 
base alone The average healing times of the wounds of the cornea treated with the 
sulfonamide ointment and with the ointment base alone were usually greater than 
the average healing time of the untreated contiol eyes 

2 Healing ot deep incised wounds produced with a keratome infected with 
Staph aureus haemolyticus occuried in 1 of 3 rabbit eyes treated with the sulfon- 
amide ointment, but not in 3 untreated control eyes Healing of trephine wounds 
produced with instruments infected with Staph aureus haemolyticus occuried in 
5 of 7 eyes treated with sulfonamide ointment, but only in 3 of 7 contiol eyes 

3 Bactenologic cultures of material obtained from the corneal surface of the 
eyes showed a mixture of gram-positive and gram-negative micro-organisms, 
staphylococci and B subtihs being the most frequently observed A notable 
inhibition of the bacterial growth was observed in cultures of material from 8 of 
24 eyes that had received treatment with the sulfonamide ointment but not in 
cultures of material from the control eyes Essentially the same microbic flora 
was noted in cultures of material obtained at daily intervals duiing the process 
of healing There was no demonstrable relation between the healing time of 
experimental corneal wounds and the bacterial flora 

4 Histologic sections of corneas of rabbits consideied to be “clinically healed” 
revealed that the continuity of the surface epithelium was restoied There was 
pronounced thickening of the epithelium at the site of the previous injury In 
wounds that required several days for healing, typical scar tissue was observed 
at the site of the previous wound This was particularly noticeable in the wounds 
with infected instruments Regeneration of the surface epithelium was obseived 
at a time when the corneal stroma still piesented lack of continuity 

5 Local use of an ointment containing sulfonamide compounds in 5 per cent 
concentration did not accelerate the healing of superficial or deep incised or trephine 
wounds of the cornea of rabbits if sterile instruments were used to produce the 
injury The ointment was of value m the treatment of wounds produced with 
instruments that were infected with Staph aureus haemolyticus 

35 East Se\entieth Street 

1300 York A\enue 



INFLUENCE OF PROLONGED WEARING OF MERIDIONAL 
SIZE LENSES ON SPATIAL LOCALIZATION 

HERMANN M BURIAN, MD 

HANOVCR, N H 

When a meridional size lens ^ is placed with its axis in the vertical position (at 
90 degrees) in front of one eye of a normal observer, the retinal image of that eye 
IS enlarged in the horizontal meridian Since horizontal disparity of the retinal 
images is responsible for stereoscopic effects, the observer will experience typical 
changes in the appearance of his environment If the size lens is placed in front of 
the right eye, objects located in the right half of the observer’s field of vision appear 
larger yet farther away from him than objects of the same size situated at the same 
distances from the observer but located in the left half of his field of vision A flat 
desk top will appear to be slanting down on the right side and slanting up on the left 
side , a wall perpendicular to the observer’s line of gaze will appear farther away from 
him on the right side and closer to him on the left side , the ground on which the 
observer walks is tipped downward on the right and upward on the left side, as 
though he were walking on the side of a hill If he holds his hands in front of his 
eyes, the right hand will seem to be larger At the same time the shape of the 
objects will appear distorted The top of the desk and the wall assume the form 
of a trapezoid, a square magazine lying on the right half of the desk, the form of 
a rectangle, and a round object, such as an ash tray or a round wash basin, the 
form of an ellipse If the observer looks into a mirror he will find that his face 
has become asymmetric, with the right side protruding ® 

All spatial distortions produced by a size lens placed at axis 90 in front of one 
eye can be explained in a relatively simple manner, on a geometric basis Assume 
that an observer’s visual lines converge on a point P (fig 1) on a plane on which 
there are two points, P and N, seen in peripheral vision Introduce now in 
front of the right eye a size lens which magnifies the horizontal meridian only 
All distances are magnified for the right eye, and the distance PPN is increased to 
nrPv The object point P, originally imaged on the retinal point pr m the right 
eye, now stimulates the more temporal point p'r , the image of the object point N is 
displaced in the right eye from itj. to n'r No change in the image of the left eye 
has occurred The horizontal disparity which is thus created results in a stereo- 
scopic effect Object point P appears to have advanced and object point N to 
have receded, since only points situated objectively at P' and N' could fulfil the 
condition of stimulating simultaneously the retinal elements pi, p'r and ni n'r 
As a result, the plane PPN appears rotated around the fixation point P The 

From the Dartmouth Eye Institute, Dartmouth Medical School 

1 These lenses have no appreciable refractive power but magnify the retinal image 
They are ground as over-all size lenses, having the same magnification in all meridians, or 
as meridional size lenses, having a specified magnification in one meridian but no magnifying 
effect in the meridian at right angles The designation of the axes and effective meridians 
of the size lenses is analogous to that of cylindric refractue lenses 

2 The importance of the relative size and shape of the ocular images in binocular spatial 
localization was recognized m the early stages of the research in aniseikonia A full descrip- 
tion of the result of new investigations will be given by A Ames Jr in publications now in 
preparation 
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amount of rotation, as expressed by the angle is piopoitional to the magnification 
introduced by the lens and is given by the formula tan ^ in which M is 

the magnification, b the fixation distance and a one-half the interpupillary distance •> 
The spatial distoitions, although in the same direction for all normal observers, 
are not experienced in all environments and by all observers with the same intensity 
Spatial orientation in man, particularly depth perception, is based on two groups of 
factois One gioup can be derived only fiom the simultaneous stimulation of the 
two retinas , it comprises the psychophysiologic results produced by the stimulation 
of disparate retinal elements They are designated as binocular or disparity factors 
The other group can be obtained from the stimulation of one eye alone It com- 
prises such factors as perspective, size and form of known objects, the knowledge 
of what IS level and what perpendicular, etc These factois are the uniocular 



Fig 1 — Apparent rotation of a vertical plane due to the magnification of the image ot one 
e>e in the horizontal meridian 

clues, not based on letinal disparities The disparity factors foim the foundation 
of binocular vision and true stereopsis They lesult in the most exact perception 
of the relation of objects in space, the uniocular clues allow an mtci pr etation of the 
spatial relation of objects, but this interpretation is never as accurate as the actual 
perception afforded bv the disparity factors 

It is important for the purpose of scientific analysis to emphasize the difference 
bet-ween these two sets of factors But unerring orientation in space is made 
possible only by the constant interaction of both sets The disparity factors are as 
^uch unchangeable , i e , the simultaneous stimulation of the same two disparate 
retinal elements lying vithin fusional areas causes — in the absence of strong 

3 Ogle, K N Analjtical Treatment of the Longitudinal Horopter Its Measurement 
and Application to Related Phenomena, EspccialL to the Relatne Size and Shape of Ocular 
Images, J Optic Soc America 22 665, 1932, Die mathematische Anaijse des Langshorop- 
tcrs. Arch f d ges PInsiol 239 74S, 1938 
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uniocular factors — the stimulating object point always to be localized in the same 
position m the subjective space of the observer But the actual expeiience of the 
relation of objects m space is constantly modified and rectified by the uniocular 
clues If a condition exists in which the mfoimation conveyed by the disparity 
clues is m conflict with the information conveyed by the uniocular clues, the lattei 
may dominate if the field of vision contains a sufficient amount of peispective 
elements, such as are piesent in ordinary surioundings mdoois Also, the response 
to stereoscopic stimuli varies not only with different peisons but with the same 
observer at different times It depends on a number of ciicumstances whether the 
disparity factors or the uniocular clues will pievail 

Every person with noimal binoculai vision experiences the distoitional effect 
of meridional size lenses to the theoretically expected degree if his field of view 
contains a minimum of perspective elements Such a field of view exists in natural 
surroundings, in the underbiush of a forest or on a lawn It can be created aitifici- 
ally in laboratoiy experiments by using instiuments m which the field of view is as 
devoid as possible of perspective and foim factors Such an instrument is, foi 
instance, the apparatus by means of which the empiric horopter * is determined 
The curve of the longitudinal empiric horopter always undergoes a lotation about 
a vertical axis through the fixation point when a difference m the size of the 
ocular images is introduced m the horizontal meridian (fig 2) Tins lotation is 
strictly proportional to the amount of magnification inti oduced and has been termed 
by Ogle “the geometric effect” of the size lenses on the longitudinal horoptei, 
because the geometric explanation conforms so closely to the subjective spatial 
localization ® 

It IS known now what takes place when a noimal person intioduces in front ot 
one eye a meridional size lens at axis 90 The pi oblem which arises and n Inch I 
have attempted to solve is this What happens to the appearance of space and to an 
observer’s functioning within space when a meridional size lens is woin constantly 
for a certain length of time ^ Do the spatial distortions of the normal surroundings 
remain unchanged^ Does the rotation of the horoptei curve remain the same^ 
Does the capacity of compensating for artificially introduced meridional aniseikonic 
errors exist ? And if compensation should occur, is it due to a physiologic change 
which reduces the artificially created disparity, oi is it the result of a modification 
of the interpretation of the i elation of objects in space due to an inci easing effect 
of the uniocular factors^ 


4 The horopter is defined as the locus in space of the object points imaged on corre- 
sponding retinal elements of the two eyes If the corresponding retinal elements weie distrib- 
uted equally on the two sides of the fovea of each eye, the intei section of the visual plane 
with the surface of the horopter (the “longitudinal” hoiopter) would be the circle determined 
by the fixation point and the centers of the pupils of the two eyes (Vieth-Muller circle, 
fig 2) Actually, such a regular distribution of the retinal elements — or lather of the spatial 
values of the retinal elements does not occur, and the empiric longitudinal horopter differs, 
therefore, from the Vieth-Muller circle This difference in shape has been termed the 
Hermg-Hillebrand deviation of the curve of the empiric longitudinal horopter Foi near 
vision fixation distance (40 to 75 cm ) the longitudinal horopter curve is concave toward the 
observer and lies somewhere between the Vieth-Muller circle and the objective fronto- 
parallel plane (fig 2) Owing to the discrepancies m the distribution of the spatial values 
of the retinal elements between the two eyes, the curve of the empiric longitudinal hoioptei 
IS frequently not symmetric 


, 4- Gfiddon, G H Corresponding Retinal Points, 

the Horopter and Size and Shape of Ocular Images, J Optic Soc America 22 619, 1932 

j Induced Size Effect A New Phenomenon in Binocular Vision Asso- 

Relative Sizes of the Images of the Two Eyes, Arch Ophth 20 604 (Oct) 
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Answers to these questions would be of mteiest in themselves, since they might 
permit a direct insight into the interrelation of the disparity and uniocular factors 
in the total act of space perception They would also be of piactical importance in 
offering an explanation as to how patients with aniseikonia deal with the problem 
of spatial oiientation Aniseikonia of clinically significant amount is frequent and 
always causes a measurable disturbance of spatial orientation Yet complaints 
about difficulties arising from such a disturbance are rare, and persons with a 
clinically significant amount of aniseikonia seem to get around as well as persons 
with an insignificant amount How can this apparent contradiction be explained^ 
Finally, experiments in which size lenses are worn for a period of time may shed 
some light on the validity of the contention that it is superfluous to correct anisei- 
konic errors, since many persons become accustomed to even larger differences in 
the size of the images of the two eyes than are curiently equalized in clinical 
practice by means of iseikonic lenses 



r>g 2 — Rotation of the curve of the empiric longitudinal horopter (apparent frontoparallel 
plane) under the influence of a meridional size lens magnifying the horizontal meridian by 
4 per cent (Data of M E B , fixation distance, 40 cm ) 

This paper reports results obtained by three observers who wore size lenses at 
axis 90 in front of one e)'e for a period of eight to ten days, during which time 
measurements uere made two to three times a day with the horopter apparatus, 
the space eikonometer, the standard eikonometer and a rotating plane apparatus 
These experiments showed that there was a complete adaptation in ordinary sur- 
roundings abundant in uniocular factors to the spatial distortions introduced b> 
the size lenses However, in the instruments with a field of view containing a 
minimum of perspective factors, the presence of the greater part of the artificially 
introduced size difference could always be demonstrated 

IXSTRUMEXTATION AND EXPERIMENTAL PROCEDURE 

A Inslruvuntlaiton — The instruments used for the determination of the relative difference 
between the ocular images produced bj tlie wearing of a meridional size lens in front of one e>e 

7 Ogle, K N Associahon Between Aniseikonia and Anomalous Binocular Space Per- 
ception, Arch Ophth 30 54 (Julj) 1943 
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xveie the horopter apparatus, the space eikonometei, the standard eikonometcr and a lotating 

can be determ.ned most .ap.dly and conveniently 
by means of the criterion of frontoparallelism This is achieved by having the observer fixate 
TvShcal wire situated at a given distance in the median plane of his head and having him 
?hen set a'^mteof veitical wires to the right and left of the fixation w-e as seen in 
peripheral vision in such a way that all wires appear to him in a plane parallel to his fore- 
S This subjective or apparent f rontopai allel plane is more or less at variance with the 



Fig 3 — The horopter apparatus A, front new, B, side view 


objective frontoparallel plane (fig 2), but the settings for the same observer are constant 
within very narrow limits of error 

The particular horoptei apparatus used in these experiments (fig 3) was a somewhat 
simplified instrument of the tj^pe described m detail by Ames, Ogle and Gliddon in their 
fundamental paper ^ It consists of a number of metal channels, or lanes, which are so 
arranged as to converge toward a point situated under the midpoint of the basal line of the 
observer In these channels metal strips can be moved by means of handles, and on these 
strips earners are mounted which support vertical steel wires used as test elements in the 
determination of the apparent frontoparallel plane The central wire is mounted at 40 cm 
from the midpoint of the observer’s basal line and serves as the fixation wire, the other 
four wires are movable and are located in symmetric lanes at 4 and 8 degrees respectively 
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on each side of the fixation wire Permanent records of the settings are obtained by means 
of small punches fastened to the supports of the vertical wires If the criterion of the com- 
mon ^ isual directions is to be used foi the determination of the horopter curve (nonius 

horopter) instead of the criterion of frontoparallelism, an attachment is used in front of the 
wires This attachment has the form of an illuminated screen with special apertures vhich 

cause each of the peripheral wires to he seen in its upper half by one eye and in its lower 

half b^ the other eye The movement back and forth of the wire in the lane causes an 
apparent sidewise movement in opposite directions of the tw'o monocularly seen halves The 
setting IS completed W'hen the tw'o halves seem to form a continuous vertical line, since the> 
are then presumablj imaged on corresponding vertical sections of the retinas ® 

The space eikonometer, an instrument recently developed by A Ames Jr , which was also 
used in the experiments, has been described by Ogle," and the standard eikonometer and its 
use have been repeatedlj' discussed , it is, therefore, sufficient to mention that these instru- 
ments weie used and to refer to the publications for their description 

The lotating plane instrument with perspective patterns (fig 4) consisted essentially of 
wffiite matte cardboard sheets with various patterns (lines, rectangles, circles, ovals, etc) 
anv one of which could be mounted on a suitable base for rotation about a vertical axis of 
symmetrv The cardboard could be rotated by means of tw'o metal rods projecting from 
the sheet earner toward the observer and extending be 3 'ond the apeiture through which the 
obsener looked at the patterns The head of the obseiver w'as so adjusted in a head rest 
that its median plane coincided with a plane through the center of the cardboard and normal 



Tig 4 — Diagrammatic representation of the frontal plane instrument w'lth peispectne 
patterns 


to the objective frontoparallel plane of the instrument A septum m this median plane pre- 
\ented the binocular view of extraneous objects Adjustable cells in front of the observer’s 
eies allowed the insertion of size lenses or other auxiliary lenses The center of the card- 
board was at 40 cm from the midpoint of the basal line of the observer, and the cardboard 
was lighted in such a way that the illumination remained unchanged w’hen the cardboard was 
rotated \ degree scale and indicator at the end of the sheet carrier permitted an assistant 
to read the angle between the cardboard and the objective frontoparallel plane of the instru- 
ment The task of the obserser was to set the cardboard m a plane which appeared to him 
to be parallel to his forehead, there were no restrictions as to the fixation of his gaze 
B E\pcrimcntal Ptocedwe — The procedure followed in the experiments was simple 
Tor a number of da^s, usualh from four to seven, preliminary measurements were taken 
the first thing in the morning and late in the afternoon to establish the observer’s normal 
condition Immediately before and after addition of the size lens, measurements were taken, 

8 The data obtained with both types of settings of the horopter apparatus w’ere treated 
111 the waj described b\ Ogle® The actual data (the “spatial curves” of the longitudinal 
horopter) were transformed into anal j tic graphs indicating the image size difference present 
and the slope of the horopter cune 

0 Carleton, E H , and Madigan L F Size and Shape of Ocular Images II Clinical 
Significance Arch Ophth 7 720 (March) 1932 Ogle, K N , and others Repeatabiliti of 
Ophthalmo-Eikonometer Measurements, ibid 24 1179 (Dec ) 1940 Burian, H M Clinical 
Sitrnificance of Aniseikonia, ibid 29 116 (Jan) 1942 
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and while the size lens was worn the same routine was followed as in the days preceding 
the experiment proper One of the observers also regularly took measurements late at night 
The size lens was worn for eight to fourteen days, and the observers were never foi a 
single \vaking moment without it If the spectacles had to be removed, one eye was always 
dosed until thej were again put on, in the morning before the first measurement was taken 
one eye was as a rule occluded The observers were lequested to keep a diary as to then 
activities and experiences while wearing the lens Immediately before and after removal of 
the lens, measurements were again taken and the routine continued until the observer showed 
normal readings This took from four to ten days, so that the thiee stages of each experi- 
ment were completed in from three to four weeks 

The experiments reported were made by three nonpresbyopic observers, all of whom had 
normal corrected visual acuity and normal binocular vision One of them is a myope, the 
other a hyperope and the third an emmetrope The emmetrope uas not accustomed to the 
wearing of glasses, and in the preliminary stage of the experiment piano spectacles weie used 
to which the size lens was later attached 


EXPERIMENTAL RESULTS AND COMMENT 

A The Effect of Weminq a Meridional Sice Lens — All expei iments gave in 
geneial the same lesult When the size lens was hist added the familiar sur- 
loundings took on an unusual appearance, showing the typical spatial distortion 
introduced by a meridional size lens woin at axis 90 This distortion was inoie 
marked in near vision than at distance, it was more pionounced when attention 
was paid to the shape of things and when the obseiver fixated an object point 
instead of letting his glance rove With continued weaiing of the lens, the dis- 
toition giadually subsided and finally disappeared During the last few days 
the lens was worn it was usually impossible for the obseiver to detect the dis- 
toition in familiar surroundings even when he was giving close attention to the 
position and shape of objects The time necessary to become accustomed to the 
lens vaiied with the stiength of the lens but was nevei longer than three or four 
days 

It must be noted that the weaiing of the lens caused some definite discomfort 
Slight headaches and eyestrain were general, as w^as a feeling of irritability and 
nervous tension I regularly had some gastric distiess The 3 observeis did 
not all have symptoms of the same degiee, but none could weai the lens without 
some unpleasant effect There was pronounced relief when the lens w^as eventually 
removed, although the intensity of all symptoms decreased the longer it was woin 
On the whole, all the observers could go about then duties without great 
inconvenience, the distortions did not interfere materially with the finei tasks of 
visuomanual coordination, but I felt that I had to avoid the perfoimance of such 
operative procedures as cataract extractions during the first days I wore the lens 
As fai as the ordinary urban surroundings wfeie concerned, the adaptation to 
the artifically introduced size difference seemed complete However, when one 
w^ent out into the fields or onto a hill with high-grown autumn grass, or in general 
into sui roundings with but few rectilinear, perspective factors, the distortion 
returned immediately This happened time and again , it happened even on the 
very last day the lens was worn This phenomenon is an established fact 

These observations suggest that one is able to become accustomed to artifically 
introduced image size differences in the sense that objects are seen in their true 
shape and localized correctly m space as long as there aie in the field of view 
perspective clues m sufficient number and of sufficient intensity to dominate the 
stereoscopic factors and to permit a reinterpretation of space But when there are 
only few^ and scant) perspective clues in the field of view, the stereoscopic factois 
become again effective and the distortion recurs 
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B QnantifaHve Results with the Hoioptei Apparatus — The information 
obtained from the quantitative determination of the image size difference during the 
experiments must now be considered 

The curve of the empiric horoptei as determined by the criterion of fronto- 
parallehsm showed that the initial lotational effect produced by the size lens 
diminished gradually, at first fast and then more slowly, until finally a certain level 
was reached, beyond which no furthei decrease in the effectiveness of the lens 
occurred As an example, the curve obtained m one experiment is reproduced in 
figure 5 However, the effectiveness of the lens was never completely lost, the 
decrease ranged on the average from one fifth to two thirds of the initial effect 
The results obtained with the horoptei instrument in 10 experiments are sum- 
marized in table 1 The first column records the size lens used, the second the 
initials of the observer, the third the eye in front of which the lens was worn and 
the fourth the number of days during which the lens was worn Then follows the 
immediate effect of addition of the size lens in terms of peicentage size difference 



Tig 5 — Diagram representing the differences in the size of the images of the two eyes 
as determined by the criterion of the apparent frontal plane m an experiment in which the 
observer (R E B ) wore a meridional size lens of 6 per cent at axis 90 degrees in front of 
the right eye 


between the ocular images, and the average decrease m the effectiveness of the lens 
measured during the last two or three days the lens was worn In the next column 
this decrease is expressed in percentage of the initial effect of the size lens The 
eighth and ninth columns contain the maximum decrease in a single setting and 
Its amount in percentage of the initial immediate effect of the lens The tenth 
column records the effect in percentage size differences measured immediately after 
the removal of the lens 

This table reveals a number of interesting results It shows, fiist of all, that 
the amount of average and maximum decrease in the effectiveness for different size 
lenses differs for diffeient obsen^ers But it also shows that the deciease differs 
with the e}e in front of which the lens is worn Thus, the effect of a size lens of 
3 per cent worn by the tv o observ^ers H M B and R E B in front of the right 
eje vas reduced by about 50 per cent at the end of the experiment, whereas when 
the lens was vorn in front of the left e 3 'e the decrease in effectiveness was only 
about 20 per cent 
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This result cannot be fully explained at this time, but it is undoubtedly worthy 
of further attention All that can be said is that there is a. maiked discrepancy in 
the residual amount of size difference pioduced by the piolonged wearing of size 
lenses according to whether the image of the right oi the left eye is magnified in the 
horizontal meridian Experience has shown that numerous persons when tested 
at the tilting field or m the leaf room ^ do not respond equally well when size 
lenses are placed m fiont of the light and the left eye, respectively This fact 
may have some bearing on the problem under consideration, but it cannot explain it, 
since the 3 observers reacted equally well to size lenses put m front of either eye 
(fig 6) It may, however, be assumed that it is possibly easier to overcome the 
disparity factors and leinterpret the position of objects in space according to the 
uniocular factors if the image of one eye rather than that of the other is magnified 
This may conceivably be connected with the ocular dominance of the subject, and it 
IS to be expected that further leseaich will uncover a relationship between ocular 

Table 1 — Aveiage and Maximum Deciease in Effectiveness of Meridional Size Lenses Worn 
at Axis 90 Degrees in Fiont of One Eye foi a Number of Days as 
Determined by the Appaient Fionial Plane Horoptei Cuwe 


Size 


Eye 

Before 

Which 

Lens 

Time 

During 

Which 

Lens 

Was 

Lens 


Was 

Worn 

(%) 

Observer 

Worn 

(Days) 

6 

H M B 

Right 

8 


R E B 

Right 

8 

3 

H M B 

Right 

8 


H M B 

Right 

15 


H M B 

(repeat) 

Left 

10 


B E B 

Bight 

8 


EBB 

Left 

9 


M E B • 

Eight 

8 


M E B 

Bight 

13 

15 

H M B 

Right 

11 



Average 

Average 


Decrease 

Decrease 

Immediate 

of 

of 

Effect 

Effective 

Effective 

When 

ness of 

ness in 

Lens 

Lens in 

Percentage 

Was 

Percentage 

of 

Added 

Size 

Immediate 

(%) 

Difference 

Effect 

663 

2 61 

45 

685 

188 

32 

844 

173 

70 

2 45 

102 

42 

2 94 

065 

19 

2 87 

1 45 

51 

2 63 

0 59 

22 

2 76 

0 40 

16 

2 64 

0 62 

24 

130 

0 83 

64 


Maximum 

Maximum 


Decrease 

Decrease of 


of 

Effective- 


Effective- 

ness of 

Immediate 

ness of 

Lens m 

Effect 

Lens in 

Percentage 

After 

Percentage 

of 

Removal 

Size 

Immediate 

of 

Difference 

Effect 

Lens 

3 79 

66 

6 69 

218 

37 

610 

210 

86 

8 67 

149 

61 

299 

0 81 

28 

2 79 

178 

62 

2 60 

1 02 

39 

286 

0 61 

22 

2 42 

0 89 

35 

2 26 

133 

100 

162 


* These data were taken with a somewhat different setup of the horopter instrument 


dominance and the response to disparity and perspective factors But this more 
intricate question cannot be answered until one knows more about the way in which 
the adaptation to artificially cieated size differences takes place 

Since the spatial distortion due to meridional size lenses worn at axis 90 
tends to disappear entirely in surroundings offering numerous perspective clues, it 
was first concluded that the longer the lenses are worn the more the subject learns 
how to disregard the disparity factors and to reinterpret the surroundings on the 
basis of the uniocular factors contained in them The adaptation to the artificially 
introduced size differences would accordingly be due to a psychologic reinterpre- 
tation, not to a physiologic compensation This explanation, however, does not 
seem to be borne out by the quantitative experiments If it were correct, one 
would not be able to find any compensation in the measurements with the apparent 
frontal plane horopter, the space eikonometer oi the standard eikonometer, since 
perspective factors are excluded as far as possible from the field of view of these 
instruments Yet, as has been shown, there is evidence, even with these instru- 

10 Ames, A, Jr Aniseikonia A Factor in the Functioning of Vision. Am T Onhth 
18 1014 (Nov) 1935 . J upnm 
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ments, of a deciease in the effectiveness of the size lenses of from one fifth to two 
thirds of the initial effect This would argue in faA^or of a tiue physiologic 
compensatory process, a tipping of the crystalline lens or the like, which would 
partially offset the artificially introduced size difference 

In trying to undei stand the nature of the compensation which is apparent in 
the measurements, one must keep in mind that the adaptation is complete in 
ordinary surroundings and that the lack of uniocular factors must play some part 
in this adaptation, since the distortion recurs immediately when theie are only 
a few perspective factors On the other hand, the perspective factors, although 
reduced to a minimum, are not entirely excluded in the instruments used The 
remterpi etation of spatial relationships which the observei is forced to make while 
wearing the lenses creates memory values which might well mold to a certain 
extent the interpretation given to the disparity clues It stands to reason that an 
obseiver who is incessantly exposed to an overwhelming number of uniocular 
factors in his sunoundings will not be able to free himself entirely from their 
influence during the ten or fifteen minutes which it takes to make the measure- 
ments One can theiefoie, assume that the partial compensation evident in the 


Table 2 — Diffeience Between the Settings of the Appaient Frontoparallcl Plane m the 
Morning and m the Evening While Stse Lenses Weie Worn 


Observer, Eve, Lons 

Average 
Decrease of 
Effectiveness 
of Lens in 
Percentage 
Size Difference 

Average of 
Morning 
Settings 
While 

Lens XVas 
XX'orn (%) 

Average of 
Evening 
Settings 
While 

Lens Was 
Worn (%) 

Difference 
^tween 
Morning anfi 
Evening 
Settings 
(%) 

H XI B right, e% axis &0 

2 51 

Rights 85 

Right 2 20 

169 

R E B left, 3%, axis 80 

0 59 

Left 2 89 
(Left 2 6S)» 

Left 175 
(Left 161)* 

066 
(1 07)* 


* The figures In parentheses Indicate the average settings and their dlfiference during the first fire days 
ol the experiment, during rhich an occluder was worn in the morning 


measurements with the various instiiiments is due to the influence of inenioiy 
values created by the uniocular factors 

There is no actual proof foi the coiiectness of this assumption, but there are 
some results which seem to support it One of them is the fact — which has been 
confirmed by all experiments perfoiined by the 3 observers — that the decrease in 
effectiveness of the size lens as measuied with the three instruments is smallest in 
the morning and greatest at night This phenomenon is in itself of considerable 
interest It indicates that the essential physiologic binocular coopeiation afforded 
by the dispant} factors is mofe prevalent aftei sleep, which has to some extent 
wiped out the memor} values created by the uniocular factors And this, inci- 
dentally, throws some light on the essence of sleep as a recuperative piocess Tlie 
difference between the measurements taken in the morning and those taken at 
night IS even moie maiked wdien an occluder is w'orn over one eye from the 
moment the subject arises until the first measuiements are taken This finding 
may be of some clinical importance, it suggests that occlusion should be tried in 
cases in wdiich there is a suspicion that measurements wuth instruments such as the 
standard eikonometer do not reveal the full error But wdiethei or not an occluder 
IS worn, tow'ard the end of the experiments the differences betw^een morning and 
e\ening settings lex el off more and more Table 2 show's the average of the morn- 
ing and ex ening settings in 2 experiments 

The difference between the morning and ex ening settings could, of course, also 
be explained bx a rexersible process of actual phxsiologic compensation, xvhich 
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would ha\e to be set in action evei}^ morning by binoctilai stimulation But there 
IS anothei observation which stiongly supports the i einterpretation theory While 
a size lens is worn the fiist of the five settings of the horoptei wiies, the aveiage 
of which constitutes one leading of the apparent frontal plane hoioptei, fiequently 
shows a gieatei compensation than the last one The five appaient fiontal plane 
horopter settings usually do not tahe moie than five to seven minutes, and the 
differences between the first and last settings can, theiefore, not be veiy pionounced 
The measuiements on the standaid eikonometei and the space eikononieter requiie 
as a lule a longer time, and it is significant that the longei the obseiver looks into 
the space eikononieter or at the standaid eikonometer pattern, the more will the arti- 
ficially introduced size difference become manifest Thus, in the case of observer 
R E B , who was wearing a meiidional size lens of 3 pei cent ovei the right eye, 
a quick check with the standaid eikonometer and the space eikonometei levealed 
m the afteinoon of the thud day of the experiment that the image seen by the 
light eye was laiger by 2 pei cent But after the obseivei looked into either instiu- 
ment foi about one-half hour the manifest size difference increased to 2 75 pei 
cent for the right eye Since the observei during all this time was sub]ect to 
binoculai stimulation, it wmuld seem that the inciease m the effectiveness of the 
lens could be attributed only to the fact that the longer an obseivei watches a field 
which IS relatively free fiom perspective factors, the more he fiees himself of the 
meinoiy values of the previous expeiiences and the moie he is apt to give weight 
to the disparity factors 

Another diurnal change wan ants a biief mention When measurements weie 
taken at night, the manifest size diffeience was frequently larger than in the after- 
noon This IS appaiently a phenomenon of fatigue and wmuld indicate that the 
uniocular factois are less effective in a fatigued obseivei than in an unfatigued 
one The phenomenon was moie apt to occur when the obseiver had worn a size 
lens for a number of days, but it did not take place with legulaiity Such a 
regulaiity would not be expected, since fatigue is not a constant factoi Only one 
observer (H M B ) has more oi less legularly detei mined the hoiopter cuive m 
the evening hours, and these deductions apply only to his data, but these ai e quite 
convincing, as can be seen fiom the examples in table 3 

There is another factor which one should considei in liying to uiidei stand the 
nature of the adaptation to meiidional size lenses The settings of the apparent 
frontoparallel plane, based on the disparity factors, show a high degree of accuracy , 
m fact, the empiric longitudinal hoiopter has been defined as the locus of maximum 
stereoscopic sensitivity Interpretative judgments m spatial localization have a 
much lower degree of accuracy One might, therefoie, argue that in the case of a 
physiologic change the mean deviations should not diffei essentially, whethei oi 
not a lens is worn, a decrease in accuracy would be in favor of an interpi etative 
process Table 4 shows the average of the mean deviations in millimeters of 
the spatial longitudinal horoptei curves It can be seen from the figures that the 
average mean deviations aie highei wdiile size lenses aie woin by 0 2 mm foi the 
outer wires and by 0 1 mm for the inner wires, this fact indicating that the settings 
aie less precise undei those circumstances Since the mean deviations for the 
outer wires when no size lens is worn are loughly double those for the inner wires, 
the accuracy of the settings is impaiied proportionally over the whole field by about 
one third This increase in the mean deviations may be attiibutable in part to the 

11 Tscheimak, A Optischer Raumsinn, in Bethe, A, and von Bergmann, G Hand- 
buch der normalen und pathologischen Physiologic, Berlin, Julius Springer, 1931, vol 12, 
pt 2 p 899 * 
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fact mentioned that the first m a group of five settings often shows a smaller size 
difference than does the last one when size lenses are worn 

Not only the accuracy of the settings but the response to additional size dif- 
ferences might be affected by a process of compensation foi artifically introduced 

Table 3 — Examples of Diurnal Changes in the Manifest Siae Difference as Deteinuned by 
the Rotation of the Apparent Fiontal Plane Horopter When a Meiidional 
Sloe Was Worn m Front of One Eye ( Observer H M B ) 


Size Lens Worn 
G%, axis 90”, right eie 


27 c, axis 90 , right eje 


S7o axis 90 , right eye 


Day of Experiment 

Hour 

Size Difference 
Measured 
(Eight Eye, %) 

First 

9 15 a m 

5 00 


1 15 p m 

2 74 


n 15 p m 

2 40 

Third 

8 45 a m 

3 48 


2 15 p m 

2 62 


10 15 p m 

284 

Sixth 

9 00 a m 

3 52 


2 OO p m 

200 


7 15 p m 

2 45 

First 

8 30 a m 

228 


4 OOp m 

154 


10 00 p m 

112 

Fourth 

9 00 a m 

130 


4 00 p m 

105 


10 00 p m 

130 

Seventti 

11 00 a m 

084 


6 00 p m 

125 

Second 

9 45 a m 

216 


2 30p m 

1 67 


6 30p m 

135 

Third 

9 55 a m 

2 04 


2 30 p m 

125 


11 16p m 

162 

Fourth 

10 00 a m 

185 


4 15 p m 

159 


10 15 p m 

154 

Eighth 

8 30 a m 

126 


1 40p m 

123 


9 20 p m 

144 


Table 4 Suniniary of Mean Deviations for Experiments Recoided in Table 1 


^umber Lane 


Obsei^cr 

Condition 

Settings 

—8 

—4 

+i 

+8 

H M B 

Before lens was worn 

155 

060d;0l0 

028-4-003 

028-4-006 

0 54-4-0 03 


While lens was worn 

545 

0 79 ± 0 09 

0 39 -4- 0 03 

0 40 -4- 0 06 

0 74 -4- 0 15 


■iftcr lens was worn 

340 

0 61 ± 0 06 

0 31 ± 0 04 

0 33 ± 0 01 

003±00G 

R E B 

Before lens was worn 

12o 

047±011 

0 26 -4- 0 04 

0 31 -4- 0 06 

058-4-003 


While lens was worn 

3C5 

0 OS ± 0 10 

0 37 -4- 0 01 

0 41 -4-0 06 

0 79 -4- 0 13 


Vfter lens was worn 

200 

0 40 :fc 0 05 

0 22 ± 0 05 

0 26 d: 0 06 

0 43 d: 0 04 

M I B 

Before lens was worn 

75 

0 49 0 OS 

022-4-000 

023 -4-003 

0 50-4-010 


While lens was worn 

105 

0 69 ± 0 10 

0 32 -4- 0 01 

0 25 -4- 0 01 

0 51 -4- 0 09 


After lens was worn 

110 

0 49 rt 0 05 

0 26 ± 0 01 

0 29 ± 0 04 

0 54 ± 0 04 


Size differences This possibility was checked in every experiment, but all observers 
shotved the same geometric effect before, ^^hlIe and after the lens was worn except 
that the zero position was shifted according to the residual effect of the size lens 
In other words, their sensitmtj to disparate stimulations as determined by their 
response to aruficial mendional image size differences of from 1 to 4 per cent was 
not impaired by their wearing a meridional size lens, as can be seen from figure 6 
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The slopes weie detei mined for all horopter curves taken during the experi- 
ments There is a tendency for the curves to be steeper when size lenses are worn , m 
all but 2 of the experiments reported in table 1 the average slope was higher during 
the experiment than before and after The average inciease of the slopes for all 
experiments of observer H M B was Oil and for those of observer R E B 0 15 ; 
for observer M E B the average increase was zero The increase would indicate 
a change m shape of the horopter curve m the direction of less concavity (increase 
in the Hermg-Hillebrand deviation, the curve tends to approach the objective 
frontoparallel plane) under the influence of prolonged wearing of meridional size 
lenses, but this is a tiend rather than a definite occurrence 




Fig 6 —Sensitivity to meridional size lenses placed in front of each eye before and while 
a size lens was worn The abscissa indicates the lens placed in front of the eyes , the 
ordinate, the response (the resulting image size difference) as determined by the criterion of 
the apparent frontoparallel plane A, data of observer M E B , F, data of observer R E B 

While the setting of the apparent frontoparallel plane by means of the wires of 
the horopter apparatus is to a certain extent subject to the influence of perspective 
factors, any direct influence of these factors is excluded when the nonius horopter 
is used This is due to the fact that an entirely different criterion is used and 
that the settings are independent of the position of the wires relative to each other 

12 The slope of the horopter curve, derived from the analytic transformation of the 
spatial curve, is a measure of the deviation of the entire horopter curve from the Vieth- 
Muller circle and, therefore, a measure for the Henng-Hillebrand deviation of the horopter 
curved When the slope is zero, the horopter curve coincides with the Vieth-Muller circle 
when positive it deviates in the direction of the objective frontoparallel plane 
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and to the fixation \\nre The behavioi of the nonius horopter would be, thei efore, 
of some importance with regard to the question under discussion However, the 
nonius horopter settings are extremely difficult and are vitiated by cei tain othei fac- 
tors So far only 1 of the observers (H M B ) has made preliminary studies 
with this method, and these have shown that for him in general the nonius 
horopter readings indicate a much larger image size difference than the readings 
with the apparent fiontal plane method and, fuitheimoie, that by this method no 
loss of effectiveness seems to be apparent when a meridional size lens is woin 
The first fact if borne out by further studies would imply that this method peimits 
one to determine the full size difference present, which is othei wise partly masked , 
the second, that there is actually no compensation for an artificially introduced 
size difference and that the apparent compensation is due to othei than physiologic 
factors Furthei investigations along these lines aie necessary 

C Quantitative Results ?uith the Space and Standaid Eikonometers — The 
measurements ^v^tll the horopter instiument give mfoimation only about size dif- 



Fig 7 — Diagram representing the differences in the size of the images of the two eyes 
as determined by the standard eikonometer (near vision, axis 90 degrees) and the horopter 
apparatus in an experiment in which the observer (R E B ) wore a meridional size lens 
of 3 per cent at axis 90 degrees in front of the left eye 

ferences in the horizontal meridian There is the possibility that during the time 
the lenses are worn some changes might occur in the vertical and oblique meridians 
which would explain the reduced effectiveness m the horizontal meridian In 
order to investigate this possibility measurements were made with the space 
eikonometer and the standard eikonometer 

These measurements showed that there was no change whatever in the vertical 
and oblique meridians, the measurements remained the same throughout the 
experiment No transformation of the horizontal into vertical or oblique size dif- 
ferences took place, but a decrease m the effectiveness of the size lens was tound 
similar to that with the horopter apparatus Figure 7 shows an example of the 
cur\ es resulting from 1 experiment 

A comparison of the results obtained with the various instruments is of 
intere'^t Some of these results are summarized in table 5 As can be seen iroin 
these data, the trend is the same with all three instruments If anything the 
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measured deciease m the i espouse to the size lens in the hoiizontal meridian was 
higher with the space and standard eikonometers, especially foi observer R E B 
In view of the different bases of the three methods it was of interest to coi~ 
relate the ineasui ements obtained with the thiee instruments While one is making 
horopter settings, fixation is strictly maintained , in the space eikonometer a similar 
criterion as m the horopter insti ument is used, but the observer’s gaze is not fixed , 
in the standard eikonometei the observei has to move his eyes 4 degrees from the 
fixation point up, dowm and sideways, and an altogether different criterion is used 
111 the determination of the image size difference The data obtained in all experi- 
ments w^ere coi related, but I shall repoit here as an example only the figures for the 
data of observer R E B , foi which the scatter diagiams are given m figure 8 
The Pearson con elation coefficient was high when all data were taken into account, 
the hoiopter and space eikonometer measui ements at axis 90 correlated by 0 92, 
and the horoptei and the standard eikonometer measui ements at axis 90 by 098 


Table 5 — Comjyanson of Results Obtained in 3 Experiments zmth the Apparent Fiontal 
Plane Horoptei, the Space Eikonometei and the Siandaid Eikonometer 


Observer, 


Immediate 
Effect of 
\dditlon of 

Average 
Decrease m 
Effective 
ness of Size 
Lens in 
Percentage 

Average 
Decrease in 
Effective 
ness of Size 
Lens in 
Percentage 
of 

I oaest 
Singie 
Beading 
While 
Lens Was 
Worn in 
Percentage 

Maximum 
Decrease 
in Effec 
tiveness 
of Size 
Lens in 
Percentage 
of 

Immediate 

Effect 

After 

Bemovnl 

Eye, 


Size Lens 

Size 

Immediate 

Size 

Immediate 

of Size 

Lens 

Instrument 

(•%) 

Difference 

Effect (%) 

Diffcrenio 

Effect 

I ens 

H M B 

Horopter 

2 io 

102 

42 

1 49 

01 

2 99 

3%, QMS 90°, 
right eye 

Space eikonometei 
axis 90° 

2 94 

137 

47 

210 

71 

3 16 

M E B , 

Horopter 

2 54 

0 62 

24 

oso 

35 

2 2(. 

3%, a’wis 90“ , 
right eye 

Space eikonometer, 
axis 90° 

3 07 

0 61 

20 

0 74 

24 

2 47 

B E B , 

3%, axis 90°, 
left eye 

Horopter 

2 63 

0 59 

23 

1 26 

48 

2 86 

Space eikonometer, 
axis 90° 

2 88 

108 

38 

1 35 

47 

2 87 


Standard eikonom 
eter, axis 90° 

3 25 

1 50 

46 

2 25 

69 

3 75 


However, when the data obtained while lenses weie woin and after they were 
removed were considered separately, the picture Avas somewhat different The 
con elation coefficient for the horopter measurements and the standard eikonometer 
measui ements at distant vision was 0 80 after the removal of a 6 per cent size lens 
and 0 93 after the removal of a 3 per cent size lens The data obtained while 
these lenses weie worn showed a poor con elation, viz , 0 53 and 0 49, respectively 
The generally high correlation of the measurements with the three instruments is 
further proof that all three measure the same thing the difference in the size of 
the images of the two eyes The low correlation of the measurements when lenses 
are worn can be considered as supporting evidence that the partial loss of effective- 
ness of the size lenses evident in the measurements is due to pS 3 ’'chologic factors 
D Quantitative Results with the Rotating Plane Insti ument — Instead of 
keeping the field of view'' of the observer as free as possible from perspective factors, 
one may deliberately add such factors to the field in order to determine their effect on 
the measurements This would be an attempt to reproduce to a certain controlled 
extent the natural conditions of seeing and at the same time make a quantitative 
determination possible To achieve this, the lotating plane instrument was used 
The patterns emplo 3 ’'ed were (a) five veitical lines the ends of which were seen by 
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the observer, {h) five veitical lines connected by a horizontal line at the top and 
at the bottom, (c) a large rectangle and {d) a large oval 

The settings with this method proved to be both difficult to make and difficult 
to interpret Instead of appearing to rotate, or while appearing to rotate, the pat- 
tern frequently changed its shape and the observer was induced to set the cardboard 
not according to the criteiion of frontoparallehsm but according to the shape of the 

til 


ul 

ed 



A 

tlJ 



Fig 8 — A, scatter diagram showing correlation of data obtained with the horopter appa- 
ratus and the standard eikonometer (near -vision, axis 90 degrees) Data of R E B 

B, scatter diagram showing correlation of data obtained with the horopter apparatus and 
the space eikonometer (axis 90 degrees) Data of R E B 

elements of the pattern The obsert er could never be quite sure that he was setting 
the cardboard consistently according to one or the other criterion, especially since 
the cardboard (tlie background) appeared sometimes to be in a plane different 
from tlie pattern itself Theoreticall} , the arrangement raised a number of ques- 
tions, such as the influence of form on frontoparallel settings, which are outside the 
scope of this paper The results v ill, therefore, be reported only in so far as they 
ha\e a bearing on the problem under discussion 
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Preliminary experiments showed that theie is a remaikable individual dif- 
ference in the lesponse to size lenses when patterns containing perspective elements 
aie used as test objects Some obseivers show little if any rotation, otheis 
respond more or less fully to the size lenses (6gs 9 and 10) The explanation 
for this IS that some persons give more weight to the disparity factois, while the 
visual act of others is dominated by the uiiiocular factors It might actually be 




Fig 9 — Response to artificially introduced size differences when perspective patterns weie 
used The abscissa indicates the size lens placed in front of the right eye (right half) or 
left eye (left half) , the ordinate indicates the observer’s response as determined by the rota- 
tion of the plane of the pattern The patterns used were five vertical lines the end of which 
were seen by the observer (o), five vertical lines connected by a horizontal line at the top 
and at the bottom, (6), a large rectangle (r) and a large oval (tf) This observer (M E B ) 
showed a satisfactory sensitivity to meridional size lenses for most patterns 

possible to establish on this basis a typology of visual characters, and the result is, 
therefore, of broad general significance Among the observers who wore size lenses 
the two extremes are represented by R E B , who showed little or no response to 
the size lenses when the patterns were used, and M E B , who responded as a 



662 


ARCHIVES OF OPHTHALMOLOGY 


rule quite fully The latter observer had the least tendency to show a deciease in 
the effectiveness of the size lenses, and it is possible that there is a causal i elation 
between these two facts It must also be mentioned tlrat the different obseivers 
not only demonstrated individual differences in their sensitivity to size lenses when 
patterns were used but leacted diffeiently at different times 

As to the result of the measuiements with the lotatmg plane apparatus iilnle 
size lenses weie woin, observei R E B , who did not respond in the test with the 
peispective patterns consequently did not show any appreciable change in the 
measurements, while observer M E B , who responded more or less fully to size 
lenses with the patterns, showed a decrease in the effectiveness of the size lenses 





Fig 10 — Response to artificiallj introduced size differences when peispective patterns 
•were used The significance of the abscissa and ordinate is the same as in figure 9, as are 
the patterns (a, b, c and d) This observer (R E B ) showed no response to meridional 
size lenses with any of the patterns 


worn w'hich w^as about one-third greater than in the measurements with the horopter 
instrument 

E Effect of Removal of Sjcc Lens — ^The last experimental result which must be 
discussed is the effect produced by the removal of the size lens As soon as the lens 
is removed, a considerable tilting of objects m space is noted tn the direction 
opposite to the one which occurs when the lens is first added In other words, the 
removal of the size lens from the right eye if the lens has been worn for some 
time acts as if a meridional size lens at axis 90 had been added to the left eye 
This distortion not onh is noticeable in the normal environment but is evident in a 
rotation of the horopter cun e and in the measurements wnth the space eikonometer 
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and standaid eikonometer The return to the normal condition is conipaiable to 
the piocess which takes place when the obseiver becomes accustomed to the added 
size lens The effect lingers for some time— for from one to three days— in the 
usual sui roundings and is again more marked in an environment lacking in 
uniocular factors, but it deci eases more rapidly than when a size lens is added and 
worn However, in the measurements with the various instruments a residual 
effect can often be demonstrated a week or ten days after the removal of the lens 

It IS again impossible to tell with certainty whether the process which takes 
place after the removal of the lens is due to a physiologic change or to a psycho- 
logic leinterpretation, but it is evident that the wealing of a meridional size lens 
creates a new equilibrium which is not immediately replaced by the normal equili- 
brium The normal condition has to be reacquired by a process similar to the one 
which created the equilibrium when the lens was worn 

CONCLUSIONS 

The evidence piesented in the foregoing pages can be summarized as follows 

When a person with normal binocular vision places a meridional size lens at 
axis 90 in front of one eye and wears this lens for several days, he at first experi- 
ences a typical distortion of his surroundings The longer the lens is worn, the 
less the distortion is noticeable, and it finally disappears and is absent as long as the 
obseiver remains within surroundings abundant m perspective and othei uniocular 
elements There is, apparently, a complete adaptation to the distortion created by 
the lens in normal surroundings 

However, if the number of effective perspective factors in the surroundings is 
negligible, the distortion recurs immediately, and measurements made with instru- 
ments from whose field of view these factors are absent show that the larger 
part of the image size difference is still present, no matter how long the size lens is 
worn But theie is an average deciease in the effectiveness of the size lens of from 
one fifth to two thirds as measured with these instruments This decrease in 
effectiveness could be due eithei to a process of actual physiologic compensation, 
leading to a redistribution of the stimuli on the retinas, or to a psychologic reinter- 
pretation of the 1 elation of objects m space under the influence of uniocular clues 
in the surroundings and of memory values of past experience There is no con- 
clusive proof for either theoiy, but the iveight of the evidence seems to be in favor 
of a leinterpretation lathei than of a compensation 

Ceitain observations made m the course of the experiments give an inteiesting 
insight into the relation between the disparity factois and the uniocular factors in 
the act of vision It has, of course, long been known that the uniocular factois 
and the memoiy values of past experience mold to a laige extent the interpretation 
given to the clues arising fiom the stimulation of disparate retinal elements But 
the developments in the lesearch on aniseikonia and especially the construction of 
the size lenses which produce a magnification without causing a refractive change 
piovide means by which this interrelation can be far better investigated than ivas 
heretofore possible. 

The experiments wuth artificially intioduced meridional size differences confiim 
the well loiown fact that the disparity factors are the more fundamental ones Yet 

13 “Any one who knows how pliable our spatial visual perceptions are under the influence 
of various conditions of observation and under the influence of past experience, taken into 
account consciously or unconsciously, should not be surprised at the multiplicity of results 
of observations on different objects and with different observers” (Erggellet Bnllenlehre, 

'spiniter'l93^\o?'^2^p^^805T’ ^ Handbuch der Ophthalmologie, Berlin, Julius' 
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they also sho^v that the disparity factors can be largely disiegarded when abundant 
perspective factors are present in a person’s sui roundings, but that they become 
immediately operative when the perspective factors are scanty Fatigue seems to 
reduce the faculty to disregard the disparity factors, and sleep apparently wipes 
out to some extent the recent memory values created b}'' a reinterpretation of the 
relation of objects in space 

Two further conclusions of broad significance are suggested by the experiments 
One IS based on the fact that it makes a difference in the decrease in effectiveness 
of the size lenses whether the image of the right or the left eye is magnified in the 
horizontal meridian At first this result is rather startling, one would not expect 
such a difference, since the effect of aniseikonia on spatial localization depends 
solely on the ratio of the sizes of the two ocular images But since such a difference 
was found to be an experimental fact, it must be assumed that different "weight” 
IS given to the two eyes with respect to the response to disparity and uniocular 
clues This difference in reaction may have some connection with the ocular 
dominance 

The second conclusion is closely related to the first and concerns individual 
differences in the response to disparity and uniocular factors Some persons with 
normal binocular vision are more apt to let the unioculai factors influence the 
spatial localization derived from disparity clues than others, in whom the disparity 
clues dominate The latter persons seem to be the ones whose ocular condition 
shows the least deviation from the normal It may be possible to establish a 
typology of visual characters on the basis of the response to the uniocular and 
binocular factors 

The results of the experiments also have some bearing on the explanation of 
the metamorphopsias and their gradual disappearance Wilhelm Wundt dis- 
cussed his own case of disseminated choroiditis of the right eye, which affected the 
region of the posterior pole of the eye but spared the fovea itself At first he 
noticed a pronounced metamorphopsia, which disappeared gradually, leaving only 
minor ii regular distortions at the edge of the diseased area near the macula 
Wundt also mentioned the metamorphopsia introduced by prisms and quoted O 
Schwarz, who stated 

In a case in which prismatic glasses base out were given for so-called dynamic convergence, 
an interesting fact ^\as noted After the glasses were worn for a while, the distortions, noticed 
at first, disappeared Yet as the glasses were removed, they reappeared, but in a direction 
opposite to the one experienced previously , these distortions also disappeared after a while 

Wundt considered the disappearance of the metamorphopsias to be a proof 
of the empinstic theory of spatial localization He argued that the retinal 
elements dislodged by the disease of Ins right eye could not have returned to their 
exact original position after the disease had healed and scars had formed Only 
an acquired change in the relative visual directions could, in his opinion, explain 
the disappearance of the metamorphopsia Similar deductions would apply to the 
distortions produced by prisms, especially in view of tlie fact, justly emphasized 
b} Wundt, that distortions opposite m direction to the original ones occur when 
the prisms are removed 

But one does not have to resort to such a sweeping conclusion as a change in 
the innate relative Msual directions of the retinal elements to explain the 

14 Wundt, W Zur Tbeoric der raumlichen Gesichtswahrnebmungcn, Philosophiscbe 
Studien, Leipzig, W Engelmann, 1898, ^ol 14, p 1 

15 James J Gibson (Gibson, J J Adaptation, After-Effect and Contrast m the Per- 
ception of Curted Lines, J Exper Psschol 16 1 [Feb] 1933) reports experiments along the 
same lines 
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phenomena The experiments m which a meridional size lens was worn which at 
first produced distortions analogous to the ones described by Wundt clearly indicate 
that no change in the relative visual directions of the retinal elements takes place, 
since the distortions can be shown to be always present m appropriate surroundings, 
although they disappear completely under ordinary circumstances The complete 
disappearance of the metainorphopsias, like the disappearance of the distortions 
introduced by meridional size lenses, can be fully explained on the basis of a 
reinterpretation of the relation of objects in space under the influence of uniocular 
factors This is a process of learning but a very different one from that which 
Wundt had m mind In fact, the results reported m this paper not only demon- 
strate the relative importance of and the part played by the disparity factors and 
the uniocular factors in spatial orientation but open up a possibility for a direct 
experimental check on the validity of the nativistic theory of space perception 

It may now be attempted to answer the questions raised with regard to spon- 
taneous aniseikonia in the introductory chapter of this paper Why is it that 
complaints about disturbances of spatial localization on the part of patients with 
aniseikonia are extremely rare, in spite of the fact that aniseikonia always entails 
a disturbance of space perception"? How, then, does aniseikonia affect a person’s 
functioning within space? 

From the experiments lepoited in this paper it may be inferred that patients 
with aniseikonia handle the distortions which necessarily arise from their condition 
m the same way in which the observers handled the artificially introduced 
meridional size difference They disregard largely the disparity factors and rely 
on the perspective clues But they have not actually compensated for their 
aniseikonia, or at least have compensated for only a fraction of it Nor have the 
lelative visual directions of the retinal elements undergone any change Because 
as soon as the patients are placed m artificial or in natural surroundings m which 
there is a minimum of uniocular factors the distortion of the relation of objects 
m space characteristic of the type of aniseikonia which the patients have becomes 
at once apparent Aniseikonia is in this respect, as in many others, comparable 
to the heterophorias in that its spatial effects remain latent in ordinary surroundings 
but become manifest under appropriate conditions, just as the heterophorias become 
manifest only after fusion is suspended A peison with aniseikonia will have no 
trouble in ordinary surroundings, but undei certain special conditions, and 
especially when tired, he may experience considerable disturbance in pioper 
functioning in space 

Similar considerations apply to the remark which is sometimes heard that it is 
superfluous to coriect aniseikonic defects, since most people can get accustomed 
to even largei differences m the size of the ocular images than aie currently 
coirected by iseikonic lenses 

It is, indeed, well known that all spectacles, while achieving the mam purpose 
of providing optimum vision for distance, introduce at the same time a number of 
ladical changes m the visual act of the wearer Not only is the size of the retinal 
images changed, as compared with that of the emmetropic eye or with the (sharp 
or blurred) image the wearer had pievious to the correction of his refractive 
error The directions in which object points appear in indirect vision aie also 
changed, and with them the field of vision and perspective, so that the size of the 
objects as well as the interpretation of spatial relations must necessarily be different 
with and without spectacles The accessory effects of spectacles on spatial 
orientation are more pronounced when there is even a small difference in the 
refractive condition of the two eyes, especially a difference m the astigmatic 
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error The result is an unusual, often distorted, appearance of the environment 
■when new spectacles are first put on, but soon the wearer becomes accustomed to 
his glasses and the appearance of his environment returns to normal This process 
of adaptation, also, is one not of compensation but only of reinterpi etation, since 
it can be shown with instruments such as the space eikonometer that an incorrect 
spatial localization introduced by the spectacles will persist no matter how long 
the glasses are worn The correct spatial orientation achieved with iseikonic lenses 
would in itself justify their use, even if it were not foi other indications for their 
clinical application 

SUMMARY 

Experiments aie leported in which 3 obseivers wore a meridional size lens 
at axis 90 in front of one eye for eight to fourteen days 

While they were wearing the lens definite discomfort (eyestrain, nervous 
tension, etc ) was experienced by the observers 

At first the size lens caused the typical disturbance in spatial orientation which 
would be expected from such a lens, but this disturbance gradually diminished 
until the usual surroundings, abundant in umocular clues, assumed a normal 
appearance 

However, even after this adaptation had taken place, the disturbance in spatial 
orientation became immediately manifest when the observer was placed in sur- 
roundings lacking m umocular clues, and quantitative determinations with instru- 
ments such as the horopter apparatus and the standard and space eikonometers 
always showed the greater part of the image size difference to be present 

But after the lens was worn for some time there became manifest a decrease 
in the amount of the measured image size difference ranging from one fifth to two 
thirds The amount of the decrease varied with the person and with the eye m 
front of which the size lens was worn There also were certain diurnal variations 
The sensitivity to additional size lenses at axis 90 was not influenced by the 
wearing of the lens 

The question as to the nature of the deciease in the measured image size 
difference is brought up The expenmental evidence in favor of each of the two 
possible explanations — psychologic adaptation and physiologic compensation - — is 
discussed 

Measurements made with an instrument with a rotating frontal plane showed 
a marked difference between different observers in the response to size lenses when 
perspective patterns vere used This difference permits a classification of subjects 
according to whether they give more weight to umocular or to binocular factors in 
their field of view It would appear that the better a subject’s binocular cooperation 
the more he is likely to respond to disparity factors 

The implications of the results obtained are discussed with legard to the theory 
of space perception and with regard to the metamorphopsias 

The results of the experimental investigation are applied to the question as 
to how patients with spontaneous, clinically significant aniseikonia deal with spatial 
orientation It is pointed out that such patients may more or less completely adapt 
themselves to the disturbance in spatial orientation in ordinary surroundings 
abundant m umocular factors However, they cannot actually compensate for 
their image size difference, or at least can compensate only for a fraction of it 

Prof Adelbert Ames Jr and Prof Kenneth N Ogle advised in this vork, and Mr Robert 
E Bannon and Mrs Marj Beebe acted as observers 

Dartmouth Eve Institute 
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A COMBINED OPHTHALMOSCOPE AND RETINOSCOPE 

Major Louis K Pitman, Medical Corps, Army of the United States 

The May electric ophthalmoscope is the instrument most generally used 
light derived from a lamp with a loop or a curled filament, is fixed on the end of 
a stem projecting from a battery handle The tube of the head of the ophthalmo- 
scope, within which this stem is adjustably mounted, holds a condensing lens and a 
lefiectmg prism This lens and prism project the light from the lamp into the 



A, ophthalmoscope, and B, retmoscope L is the lamp, which is in the posterior chamber, 
CS in A and in the anterior chamber, C^, in B, CP, the condensing lens, D, the dial frame 
holding the lenses , LS, the tube , P, the reflecting prism , R, the reflecting surface , S, the stem , 
SL, the slit, SO, the sight opening for the ophthalmoscope, and SOR, the sight opening 
for the retmoscope 


eye Behind the reflecting mechanism is a lens disk provided with a series of 
lenses, concave and convex, which follow each other in regular order from weaker 
to stronger Each lens can be placed m the sight opening, located above the level 
of the reflector, by manipulating the milled edge of the disk Opposite each lens 
IS an illuminated number, indicating its strength in diopters 

From the Station Hospital, Eye, Ear, Nose and Throat Senuce, Basic Training Center 
no 10, Army Air Force Technical Training Command, Colonel Robert J Platt, Commanding 
Officer 
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The electric retinoscope has a lamp mounted on a stem similar to that of the 
ophthalmoscope The stem is adjustably mounted within the tube of the retinoscope 
head The light rays pass through a condensing lens towai d a plane or a concave 
reflecting surface having a sight opening in the center The light is thrown into 
the eye at a distance of 1 meter 

An efficient unit head combining the ophthalmoscope and the retinoscope will 
eliminate an extra instrument, with saving of material and lowering of the cost 
of the instrument 

The accompanying schematic drawing shows a cross section of a combined 
ophthalmoscope and retinoscope head The tube, LS, of the unit head is divided 
into compartments, and C~, each holding a condensing lens, CP The stem, S, 
carrying the lamp, is bifurcated at its end One stem of the bifurcation carries 
the lamp, L, while the other stem is blank (black) There aie two opposite 
slits, SL, in the wall of the tube The stem, S, carries a set screw at its side 
When the stem, S, is mounted within the tube and the set screw is passed through 
one slit, the lamp will be brought into the posterior chamber, O (figure A) In 
order to bring the lamp, L, into the anterior chamber, C^, the stem is drawn out, 
the set screw being released from the slit, and is then rotated 180 degrees, this 
permits the screw to be locked into the opposite slit 

The posterior chamber fulfils the function of the ophthalmoscope, for the light 
passes through the condensing lens and the reflecting pi ism into the eye (figure A) 
The sight opening 50 is used 

When the lamp is in the anterior chamber, the retinoscope poition of the 
instrument comes into use (figure S), for the light passes through the condensing 
lens, CP, toward the plane or concave reflecting surface, R, and into the eye The 
sight opening SOR is used 

Basic Training Center, no 10, Arm% Air Force, Technical Training Command, Greens- 
boro, N C 
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In the second yeai after the synthesis of tiypaisamide had been accomplished, 
Peaice and Blown ^ noted expeiimentally that the theiapeutic use of the diug was 
not associated with oiganic or functional distuibance and, further, that “a definite 
effect was pioduced upon the couise of the Tieponema infection due to the pecu- 
liai niannei in which the di ug modified oi conti oiled the infection ” In 1924 
these nwestigators ■ fuithei charactei ized tiypaisamide as having “compaiative 
freedom of untowaid effect, moderate ti eponemacidal action, high tissue pene- 
ti ability, and the ability to reinfoice the powers of natural resistance” Tryp- 
aisamide is fiimly established as an essential modem agent in the therapy of 
neui osyphilis, and at least certain of these eaily noted factois have been sub- 
stantiated by the clinical expeiience of the intervening period With legard to 
the visual aspects of trypaisamide theiapy, however, theie has been a persistent 
lack of accoid m opinion When Loienz and associates^ intioduced trypars- 
amide into the clinical tieatment of neuiosyphihs m 1923 admonition was made 
that damage to the visual system might be associated with its use Since that 
time the deleterious effect of tiypaisamide on the visual system has been the 
subject of intensive clinical and expeiimental obseivation and controversy, as 
lepiesented by a voluminous liteiatuie compi ehending separate phases of the 
pioblem Elucidation of the piocess, the chaiacter and the frequency of unto- 
iiaid visual effects of tiypaisamide has lemained incomplete, as have satisfactory 
ciiteiia regarding the ocular contraindications to theiapy with the drug m neuio- 
syphihs The formulation of such criteria, requiring the satisfactory correlation 
of the factois of altered physiology of vision, pathologic changes in the optic 
nerve and virulence of the infection, and evaluation of the toxicity of and idio- 
sj'iiciasy to the drug aie complicated by the inadequacy oi inaccessibility of 
much clinical and pathologic material It is an unfortunate fact that many of 
the largest statistical collections and clinicoanalytic summaries presenting data 
derived fiom the use of tiyparsamide refer satisfactorily only to the effect of 
the drug on iieurosj-phihs , by even lenient standards, adequate data regarding 
oculai conditions piior to coincident with and subsequent to this type of theiapy are 
frequently absent, owing certainly, to the unexpectedness of many visual leac- 
tions, the occult and delayed character of other types of visual involvement, the 
similarity of syphilitic and ti ypai samide-produced effects and the difficulties inher- 
ent in detailed and prolonged routine observation by both the ophthalmologist 
and the syphilologist As indication of the diveisit}'’ of opinion, the reports of 


1 Pearce, L, and Brown, W H Chemotherapy of Trypanosome and Spirochaete 
Infections J Exper ^Med 30 417, 455 and 483, 1919 

_2^Bro\vn, Pearce, L Tryparsamide Its Actions and Uses, JAMA 

3 Lorenz, W F , Loe^enhart, A S , Bleclavenn, W J, and Hodges, F J Therapeutic 
Lse of Trjparsamide in Neurosyphihs, J A A 80 1497 (May 26) 1923 
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Tennent* (50 cases), Hyder® (22 cases), Dawson® (20 cases), Lichtenstein' 
(76 cases), Wolfsohn and Leiva® (37 cases) and Skoog® (50 cases) piovide 
little evidence that use of trypaisamide is a threat to the visual system, vhile 
Bleumel and Grieg noted disastrous results in 10 of 50 cases and characteiized 
the di ug as “therapeutic dynamite ” 

Sutherland-Campbell has summarized the ocular problem of the use of ti)p- 
arsamide as follows 


This vacillation in the condemnation and advocacy of a drug is to be expected in view of 
the fact that tryparsamide is generally conceded to be the most efficacious drug used in the 
therapy of generalized neurosyphilis, while little is known concerning the mechanism of 
the production of amblyopia as induced either by syphilis or by the pentavalent arsenical 


The ocular problems associated with tryparsamide therapy lend themselves 
to general outline as follows first, the ocular effects of trypaisamide when pie- 
existmg syphilitic disease of the optic nerve is present, second, the designation 
of lesions according to whether the damage to the letina or optic neive is primarily 
the result of syphilis, of therapy with tryparsamide or of factors introduced by the 
use of trypaisamide during a period of inactive or active involvement of the optic 
nerve m a syphilitic process (Jarisch-Heixheimer reaction) , third, evaluation of 
objective and subjective findings with regard to modification of tryparsamide 
therapy, fourth, evaluation of factors of individual doses, number of injections and 
subsequent series of injections, fifth, the nature of the reaction to tryparsamide 
from the visual aspect, and, sixth, the nature of the tryparsamide reaction from 
the pathologic aspect 

THE DRUG 


Tryparsamide is the sodium salt of Af-phenylglycinamide-/i-arsonic acid Syn- 
thesized m 1917 by Jacobs and Heidelberger,^- of the Rockefeller Institute, it is 
a white crystalline powder, 1 Gm of which will dissolve in 1 cc of water to pio- 
duce an alkaline solution The arsenic content in the pentavalent form is 25 32 
per cent The drug is of extremely low toxicity when given by intrayenous oi 
intramuscular injection , its clinical use is frequently associated with a systemic 
tonic or mild stimulant effect 

V oegtlin. Smith, Dyer and Thompson demonstrated expei imentalh that 
tryparsamide penetrates into the tissues of the central neivous system Foidyce 
and Myers could not demonstrate such unusual penetrative power, examination 


4 Tennent, T Im estigations into the Prolonged Treatment of General Parahsis witb 

Tr\parsamide, J Ment Sc 77 86, 1931 ' 

5 Hjder, H P Tr\parsamide m Neuros>philis, M J & Rec 121 475, 1925 

6 Daw'^on, W S Treatment of General Paralysis and Tabes by Tryparsamide, Lancet 
1 1072, 1925 

7 Licbtcnstem, J V Tr\parsamide Therapi, Arch Dermat & S^ph 24 182 (Aug) 

1931 

8 ^Volfsohn, J M, and Leiva, C Clinical and Serologic Studies of Neurosjphdis with 
Tr^parsannde Tbcrap\, J A M A 85 494 (Aug 15) 1925 

9 Skoog, A L Trjparsamide Thc^ap^ in Neurosvphibs, J klissoun M A 22 387, 

1925 

10 Bleumel, C S, and Grieg, W M Results Obtained with Trjparsamide in ritt\ 
Cases of Neuros>’philis, Colorado Med 22 16, 1925 

11 Sutherland-Campbell, H Value of Trjparsamide in Treatment of Atroplu of Optic 
Xcnc Due to Sjpliilis, Arch Ophth 24 670 (Oct) 1940 

12 Jacobs, W A , and Heidelberger, M Aromatic Arsenic Compounds, J Am Chcm Soc 
41 1581, 1917 

13 Voegthn, C , Smith, M I , D\cr, H , and Thompson, J W Penetration of Arsenic 
m Cerebrospinal Fluid, Pub Health Rep 38 1003, 1923 

14 Ford\ce J and M'vers, C N Quantitatiie Studies in Sjphilis from a Clinical 
and Biological Point oi \ icw, \m J S\ph 9 490 1925 
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of the spinal fluid of patients receiving a loutine type of trypaisamide theiapyi 
showed the complete absence of aisenic in 14 per cent In other patients the 
amount of aisenic did not exceed that obtaining in treatment with other aisenical 
preparations In order to obtain a level of arsenic in the cerebrospinal fluid 
comparable to that of silver arsphenamme, it was necessary to introduce seven 
and one-half times as much tryparsamide Further, they noted that owing to the 
rapid excretion of trypaisamide the amount of arsenic available for penetration 
after the expiration of twenty-foui hours was practically negligible It is then 
conclusion that therapeutic penetiation is hypothetic in that other factois may be 
involved Cornwall, Bunker and Myers determined that the maximum amount 
of aisemc recoverable from the spinal fluid aftei therapeutic administration of 
ti-ypaisamide was 7 8 mg per hundred grams This amount was compaiable to 
that noted for arsphenamme and foi neoarsphenamine but was considerably less 
than that obtained in silvei arsphenamme therapy It was suggested that the 
favorable clinical results that have been reported m neui osyphilis as a lesult of 
treatment with tryparsamide must be ascribed to factors other than the actual 
quantity of arsenic that enters the spinal fluid 

Basing their conclusion on their clinical experience with tryparsamide, and 
recognizing the low treponemacidal action of trypaisamide as compared with the 
aisphenammes, Moore, Robinson and Lyman stated in 1924 that the use of 
tiyparsamide m the treatment of syphilitic states other than neurosyphilis was 
precluded, a view more recently substantiated and applied to the clinical use of 
the drug 

Moore outlined the clinical use of tiypaisamide in neui osyphilis as follows 
The diug IS contraindicated except m the treatment of neui osyphilis, foi which 
It is usually used after six months of preliminary treatment with arsphenamme 
The average, and the maximum, dose is 3 Gm given intravenously, although 
there may be some advantage m. the use of an initial dose of 1 Gm the first 
week, 2 Gm the second week and 3 Gm each succeeding week A minimum 
course consists of twelve weekly injections, although the couise may be prolonged 
indefinitely Prolonged use of the drug is usually productive of better lesults 


PRIMARY SVPHILITIC ATROPHY OF THE OPTIC NERVE 

Accoidmg to the statistical studies of Woods and Dunn^® and Woods and 
Rowland,^® piimaiy atrophy of the optic neive may be lecogmzed not only as 
the most frequent neuiopathy (71 per cent), but as most frequently due to syphilis 
(41 per cent) Igersheimer has noted that 10 to 15 per cent of all patients 
with tabes dorsalis ultimately have atiophy of the optic nerve, which has been 
desciibed^" as "piobably the most lesistant feature of the most resistant form of 
neurosyphilis, i e , tabes dorsalis ” Usually unaccompanied by other syphilitic 


^ 1 ^ o ^ ^ ' Bunker, H A , and Myers, C N Arsenic m the Spinal Fluid, 

Arch Neurol & Psychiat 25 137 (Jan ) 1931 

16 Moore, J E , Robinson, H M, and Lyman, R S Results of Tryparsamide Therapy 
in Syphilis, J A M A 83 888 (Sept 20) 1924 

17 (a) Moore, J E The Modern Treatment of Syphilis, Springfield, III, Charles C 
J A m“ a' 80 

tl,i! j' A° M A 97 »3l“ 

20 Igerslramer, J Syphilis und Auge, Berlin, Julius Springer, 1918, Ueber der Onticus- 
prozess bei Tabes und Paraljse, Deutsche med Wchnschr 52 943, 1926 
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disease of the e3^e, the piocess ma}^ be completed m several months oi delayed 
by remissions over a period of several years Optic neive atrophy usually develops 
during the preataxic state, togethei with pupillary changes , the pallor of the disk 
appears first in the tempoial poition but may quickly involve the entire nen^e 
head An extremely impoitant observation with direct application to the problem 
of tr}paisamide therap}'^ was contributed b) Tiaquair,-^ Dwoijetz,”” Somberg"^ 
and others, uho noted that theie is no lelationship of eithei qualitative or quanti- 
tatne charactei between the appearance of the neive head and the functional 
capacity of the optic neive An appeal ance of atiophy may be associated with 
noimal visual function, or, conversely, in developing atrophy, vision may be largely 
destroyed piior to ophthalmoscopic changes in the neive head 

Staigardt-^ desciibed the histopathologic changes of primary syphilitic optic 
nene atrophy as glial proliferation in the nerve and the appearance of plasma 
cells m the contiguous pia, eaihest involvement was noted in the chiasmatic region, 
and a similar piocess latei appeared in the intracianial poition of the nerve, single 
or multiple aieas being involved with dissimilar lates of pi egression Once initiated 
the piocess consisted of progressive pial infiltration and glial piohfeiation , beneath 
infiltiated pial aieas medullaiy sheaths showed maiginal degenerative changes, 
which soon involved axis-cylindeis, these being ultimately replaced by glial cells 
filled uitli am5doid Intraneural connective tissue and blood vessels weie not 
involved in the piocess even though fai advanced atiophy was piesent The 
lelationship of the processes of inflammation and degeneration has remained 
obscure, apparently as summarized by Mooie,-® the pathologic changes of primal j 
atrophy are at first inflammatory and ultimately degenerative, the degeneratne 
apparently being due to factors such as nutiition Hauptmann-'’’ piesented the 
assumption of a toxin mechanism of extracranial origin which pioduced degeneia- 
tne changes thiough a selective action on the optic nerve, 'Wilbrand and Saenger 
classified syphilitic iinolvement of the optic neive as a simple perineuritis of the 
oibital and perioibital nerve Neither of these explanations of the process is 
i\ holly tenable in view of the present understanding of the syphilitic process 

In the pia and aiachnoid of the intracranial portion of the neive, Igeisheimei 
has obseiied the presence of Spirochaeta pallida in equal numbers of cases of 
inflammatoiy changes of the nerve without degeneration and of optic nerve atrophy 
On the other hand, pioduction of optic nerve lesions by forms of S pallida not 
3'et microscopically identified (Saleeby and Gieenbaum -®) is woithy of deliberation 

That all atrophy of the optic neive occurring when the serologic reactions are 
positne IS not of the primary t3"pe was indicated by Igersheimer,-'* who enumeiated 
additional va3s m which atroph3' ma3' be produced b3'^ S3'phihs in association 
V ith se\ ere chorioretinitis of congenital syphilis , following the severe inflammator3 
reaction of acquired S3'^phihs (in this instance the atroph3'’ may be secondary) ? 

21 Traquair, H M Clinical Differentiation of Various Forms of Optic Atropln, Bnt 
N J 2 1157, 1922 

22 Dworjetz, M Atrophia Nerri Optici, Kim Monatsbl f Augenh 80 30, 1928 

23 Somberg J S Optic Nerve Pallor Without Functional Defects in Luetics, Am J 
Ophth 10 837, 1927 

24 Stirgardt, K Ursachen des Sehnerr enschw undes, Arch f Psychiat 51 711, 1913 

25 Moore T E S\philitic Optic Atrophies Medicine 11 263, 1932 

26 H. uptnnnn, T Theorie auf Griind neuerer Forschungsergebmsse, Ztschr f d ges 
Neurol ii Ps^chnt 128 107, 1930 

27 M ilbrand, H , and Saenger, \ Die Neurologic dcs Auges, Wiesbaden, J F Berg- 
mann, 1913 

28 Salccln E, and Greenbaum, S Comparatne Biologic and Histologic Studj of Ljniph 
Glands from S\philis Patients, J AM \ 9G 98 (Jan 10) 1931 
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accompanying gumma or periostitis of the orbit with pressme on the nerve, 
resulting fiom papillitis m basilar syphilitic meningitis, and following the pressure 
of syphilitic inflammatory products on the pathway fiom the orbit to the external 
geniculate bodies By implication, then, atrophy of the optic neive cannot always 
be designated as piimary or secondary on the basis of ophthalmoscopic examina- 
tion alone 


THE VISUAL FIELDS IN ATROPHY OF THE OPTIC NERVE 

Moore has suggested that field changes occui very likely as the initial clinical 
evidence of optic nerve atiophy and ceitamly before pallor of the optic disk is noted , 
such a suggestion, he pointed out, is a conjecture substantiated by fiequent obser- 
vation and by the comments of Igeisheimer who designated the first alteiation 
of vision associated with syphilitic piimaiy atiophy of the optic nerve as con- 
striction of the visual fields for white and color, occuning prior to involvement 
of central vision Eithei concentric (legulai oi iiiegulai) conti action or sectoi- 
shaped defects weie encounteied, with the fields for coloi showing a type of defect 
similar to that of the field for form Constriction of the fields foi color occa- 
sionally pieceded alteiation of the field for foim, with progressive loss fiist of 
green, then of led and finally of blue Depression of gieen perception was held 
to imply involvement of the whole cross section of the nerve Enlargement of the 
blindspot was described as an additional eaily symptom 

That there actually is a type of visual field characteristic of atrophy of the 
optic nerve was questioned by Uhthofif,^’’ who designated two general types In 
the first, perimetric reduction of the fields for form and color was associated with 
loss of both cential and peiipheial acuity, red-gieen perception was eaily involved, 
in contrast to blue-yellow peiception, which was somewhat longei preserved Such 
findings were presumed to be indicative of involvement of the entire cross section 
of the nerve In the second type, abnoimal portions of the visual field were 
shaiply delimited from aieas of normal function, sector defects and marked con- 
ti actions of the field occurred However, visual acuity and color sense were not 
implicated m the process, apparently because of a relative sparing of fibers serving 
the central portion of the retina Circumferential syphilitic involvement of the 
optic nerve propei was assumed in the latter type of visual field The possibility 
that sparing of the central portion of the retina was explained by the gi eater 
relative numbei of fibeis supplying this legion was suggested by Ronne,^° who 
indicated that disproportionate loss of central and color vision might be best 
explained as loss of function of fibers subserving but a single function Such 
disproportionate involvement, when occurring, was considered as an especially 
unfavorable indication of progression 

Uhthofi^, quoted by Wilbrand and Saeiiger,^’’ noted homonymous hemianopsia 
m 11 of 100 cases This type of field is ascribed to syphilitic degeneration of 
vessels with secondary ceiebral involvement, gummatous meningitis or syphilitic 
tumor of the optic tracts , Lissauer and Mane have noted it in dementia 
paialytica Lilhe®^ suggested that the appearance of homon^unons hemianopsia in 


29 Uhthoff, W Die Augenveranderungen bei den Erkrankungen des Nervensystems, in 
Graefe, A , and Saemisch, E T Handbuch der gesamten Augenheilkunde, ed 2 , Leipzig 
Wilhelm Engelmann, 1909 ^ 

1911^ ^ Prognose der Sehnervenatrophie, Klin Monatsbl f Augenh 49 154, 

31 Lissauer, cited by Wilbrand and Saenger,^^ 1917 ^ vol 7 

32 I^Iarie, cited by Wilbrand and Saenger.^r 1917 , vol 7 

83 V Treatment of Sjplnhs of the Nervous System, JAMA 
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tabes dorsalis be legarded as due to “concurient floiid syphilis oi to arterioscle- 
losis”, anothei type of defect, desciibed by Lillie as a “palpebral slitlike 
contraction,” was desciibed as being associated with syphilitic perineuritis of the 
optic neive 

Arlt classified the field defects of syphilitic patients as contraction foi form 
and coloi, with reduction of central visual acuit}, 85 per cent, sectoi -shaped 
defects, 9 per cent, and cential scotoma, 6 pei cent With regard to central 
scotomas in syphilitic patients, von Hippel has pointed out that they may fre- 
quently be more accurately asciibed to the amblyopia of alcohol, tobacco, sinus 
disease oi diabetes than to tabes 

In classifying the field defects of 56 patients with a clinical diagnosis of primary 
syphilitic atroph} of the optic nerve, Sloan and Woods designated concentric 
peripheial contraction in 7, a localized defect of the peiipheral field in 19, cential 
or cecocentral scotoma with normal peripheial fields m 8 and central or ceco- 
cential scotoma with contracted fields in 22 In this series, central or cecocentral 
scotoma was present in over 50 pei cent Homonymous hemianopsia, previously 
referred to, was not noted as a visual field change associated with optic nerve 
atrophy and tabes dorsalis This clinical study of 56 selected patients is the most 
complete im'^estigation of its nature available in the hteiatuie, summarizing then 
mateiial, Sloan and Woods®® have been able to diaw a remarkably close parallel 
between their clinical findings and the available pathologic data, already considered 
It was noted that the pnmaiy lesion was certainly not behind the chiasm, further, 
bilateral symmetry of field defects was ascribed to multiple lesions of the optic 
nerve They noted that if fibers supplying the peripheral portion of the retina 
have a peripheral location in the neive, then various foims of field defects may 
be explained on the basis of a lesion starting in the periphery of the optic nerve 
A diffuse lesion affecting the entire periphery of the nerve would produce con- 
centric conti action of the field Lesions of the foramen or of the intracianial 
portion of the nerve would be accompanied with late involvement of the ceco- 
cential area of the field ovvung to the axial (central) location of the papillomacular 
bundle If, hovv^ever, a diffuse perineural lesion was located neai the papilla, 
vvdiere this bundle is peripheral, it would produce a cecocentral scotoma m addition 
to peripheial conti action Thus, isolated cecocentral scotomas, nasal steps and 
combinations of the two defects would result from a lesion in the anterior poition 
of the nerve which involved the papillomacular bundle, the fibers contiguous to it 
or both 

Their inv^estigation furthei indicated that field defects for colored and foi small 
white objects may either regress or completely disappear, a finding considered 
to be in accord with the conclusion of Stardgai dt that the primary lesion in 
sy^philitic atrophy of the optic nerve is a peripheral and interstitial neuritis and that 
actual degeneration of the nerve fibers is secondary to this inflammatory change 

TRYPARSAMIDE THERAPY WHEN PRIMARY SYPHILITIC ATROPHY 
OF THE OPTIC NERVE EXISTS 

If adequate therapy can be attained prior to the complete destruction of the 
nerve fibers, there is the possibility that the neuntic process may be controlled 

34 Lillie, W I Peculiar Contraction of Normal Visual Fields Associated with Syphilis 
of tlie Central Nervous Sjstem, Tr Am Ophth Soc 32 153, 1934 

35 Arlt, E Behandelte und unbehandelte Falle von tabischen Sehnerven Atrophic, Ztschr 
f arztl Fortbild 19 367. 1922 

36 Sloan, L L, and Woods, A C Perimetric Studies in Svphilitic Optic Neuropathies, 
Arch Ophth 20 201 (Aug) 1938 
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or prevented, according to Moore, 2 ® who has contended that antisyphihtic therapy 
in cases of primary syphilitic atrophy of the optic nerve offers hope only when 
instituted before visual loss has occurred Such a comment lends emphasis to 
the necessity of early and accurate diagnosis of atrophy of the optic nerve Dis- 
regarding the variable factors of remission and course, Moore has noted that not 
only has aisphenamme proved to be of little value m the treatment of optic nerve 
atrophy, but there is some indication that the course of degeneration may actually 
be accelerated, this comment is somewhat modified by the statement of Lilhe,®® 
who has ascribed renewed involvement of the optic nerve after the use of arsphen- 
amme to a provocative reaction due possibly to inadequate doses of the drug 
Lillie has recognized that damage to the optic nerve ascribed to tryparsamide may 
111 many instances be a continuous degenerative syphilitic process This view is 
based on the observation of 13 patients with visual disturbance (in 4 of these the 
distuibance was severe) among 114 patients receiving tryparsamide therapy 
Examination of the visual fields of both tiypaisamide-treated and untreated patients 
with optic nerve atroplty showed a similarity so marked that Lillie was able to 
conclude that visual damage was actually greater in the untieated patients than 
in the patients treated with tryparsamide and, further, that tryparsamide is no 
more harmful to the visual apparatus than either arsphenamme or sulfai sphenamine 
(Parsons’ experience with sulfai sphenamine does not incline him to this view ) 
Neff®® has summarized the results of treatment of 15 patients who had definite 
syphilitic ocular lesions prior to the use of tryparsamide, it is his conclusion that 
pi eexisting disease of this character does not adequately establish a contraindication 
to the use of tryparsamide 

In a study of 27 patients with all types of syphilitic ocular lesions prior to 
the use of tryparsamide, Cady and Alvis®® noted the following results 37 per 
cent became worse, 14 8 per cent improved and the lesions of 48 2 per cent did 
not change Of the patients with optic nerve atrophy, treated with tryparsamide, as 
many progressed toward blindness as were not affected The conclusions of these 
authors indicate that tryparsamide may be used with close observation if syphilitic 
disease of the optic nerve or syphilitic ocular disease is present When mild 
deleteiious effects from tryparsamide occur, discontinuance of treatment for one 
month was recommended, with resumption of treatment after the expiration of that 
interval 

A contrary view is presented by O’Leary^® and by Moore, Robinson and 
Keidel,^! who have concluded that syphilitic disease of the optic nerve does 
establish a contraindication to therapy with tryparsamide, a view apparently shared 
by Lorenz and associates Lees treated 21 patients with established optic nerve 


37 Parsons, R P Tryparsamide and Sulpharsplienamme in Treatment of Neurosyphihs, 
U S Nav M Bull 22 526 (May) 1925 

38 Neff, E E Effect of Tryparsamide on Optic Tract, Wisconsin M J 24 120, 1925 

39 Cady, L D , and AIvis, B Y Use of Tryparsamide in Patients With and Without 
Ocular Lesions, J A M A 86 184 (Jan 16) 1926 

11 Present-Day Status of Treatment of Neurosyphihs, JAMA 109 
1163 (Oct 9) 1937 

J A^ M^°A^%2 ^8 ^a"i6)’ 1924^ ’ ^ Tr 3 'parsamide m Treatment of Syphilis, 

42 Footnote deleted 

43 Lorenz, W F The Treatment of Central Nervous System Syphilis with a New 

Lorenz, W F , Loevenhart, A S , Reitz, T F, 
C P Use of Tryparsamide in Neurosyphihs, Am J M Sc 168 157, 1924 
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atrophy with tiyparsamide and asciibed fuithei deterioration of vision in 5 
(severe and lapid in 2) to the direct action of the ding Perhaps the most closeh 
controlled series from the ophthalmologic standpoint was presented by Mayei and 
Smith, who observed deleterious lesults in 3 of 14 patients with piimaiy syphilitic 
atrophy of the optic neive treated with tryparsamide , 2 of these patients recoveied 
satisfactonty, but 1 case showed permanent contraction of the visual fields without 
impairment of cential vision oi alteration of the coloi of the nerve head This 
series comprised 87 patients, and the authors concluded that “trypaisamide, intel- 
ligently administered, causes no increase in the atroplty of the optic discs, vlieie 
syphilis has pieviously caused changes” and “causes no optic atiophy where the 
action of S3fphilis has not affected the discs ” 

The stringent ocular contraindications to the tieatment of syphilis elaboiated 
by Behr (quoted by von Hippel ■*“) are, first, diminished cential vision oi loss of 
color vision with normal or neai normal fields, second, concentiic contraction of 
the fields both for foim and for color with central vision normal, thud, tiansitorv 
visual field disturbance, especially in form, with normal central vision and optic 
nerve atrophy, and, fourth, subjective visual complaints Von Hippel has com- 
mented that these restrictions exclude most patients with syphilis fiom theiapy 

Woods and Mooie"*’ have indicated that pieexisting syphilitic disease of the 
optic neiwe or retina is not necessarily a contiaindication to therapy with tryp- 
arsamide, this view IS, however, modified by the comment that once eiidence 
attributable to trjfparsamide is piesent use of the drug should be discontinued They 
have shown, also, that deleterious effects may be encountered m the use of 
tryparsamide in other diseases besides syphilis, namely, postencephalitic Paik- 
inson syndrome, lymphosarcoma and trypanosomiasis 

In an extensive summary of the pioblem, Sutheiland-Campbell “ has indicated 
that there is basis for the view that both the syphilitic virus and tryparsamide 
have an affinity for the optic tiact in ceitam cases, he stated the belief that the 
consensus indicates that toxic leactions to tryparsamide theiapy occui larely if the 
disks and fields are unaffected (by sj^phihtic disease) and, further that an abnor- 
mality of either the fundi or the visual fields should pieclude the use of tiyp- 
arsamide He recognized that many ophthalmologists contend that tryparsamide 
therapy should be employed in spite of changes m the eyegiounds oi constiictioii 
of the fields Mayer,^® and Cordes in a discussion of Mayer’s papei, supported 
this view^ Sutherland-Campbell suggested that the finding of involvement of the 
optic nerve should contiaindicate the use of tryparsamide therapy m geneial 
practice until more exact contraindications are available Whatever measures aie 
eventually adopted in the treatment of primary atiophy of the optic nerve, accord- 
ing to Sutherland-Campbell tryparsamide “stands condemned” of dangeioiis 
potentialities in those cases of tabes dorsalis or dementia paralytica m wdiich optic 
nerve atrophy is present 

45 kfajer, L L, and Smith, R D Ocular ^lanifestations m Tryparsamide Treatment of 
Sjphilis, Illinois M J 65 258, 1934 

46 \ on Hippel, E , in Graefe, A , and Sacmisch, E T Handbucli der gesamten Augcn- 
heilkunde, Berlin, Julius Springer, 1923 

47 ^^oods, A C, and Moore J E Visual Disturbances Produced by Trj'parsainide, 
J A M A 82 2105 (June 28) 1924 

48 Majer L E Trvparsamide Thcrapj of Neurosj philis and Atrophy of Optic Nerve 
J :M A 109 1793 (Nov 27) 1937 
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SUBJECTIVE OCULAR SYMPTOMS DURING TRYPARSAMIDE THERAPY 

At the time that tr37parsamide was introduced clinically, Loienz and co-voikeis ^ 
stated that single doses as large as 5 Gm were well tolerated except that tiansient 
amblyopia was occasionally produced Their experimental work had indicated that 
the drug had an affinity foi tissue of the nervous system, appaiently foi this reason 
these authors emphasized the fact that tiyparsamide possesses the potentialitj'" of 
injuiy to the optic tract and advised against administering it to patients showing 
degenerative changes of the optic neive Then latei experience with a 5 Gm 
dose of tryparsamide weekly pioduced tiansient visual complaints in 40 pei cent 
of their patients , on reduction of the dose to 3 Gm the incidence of an unspecified 
type of visual disturbance was correspondingly reduced to 7 per cent Brown and 
Pearce - noted occasional subjective complaints of dim vision twenty-four to seventy- 
two hours after the injection of tryparsamide, such symptoms weie mvaiiably 
temporal y Ciawfoid^® noted no complaints associated with the admmistiation of 
the drug when small doses weie given and was nevei obligated to discontinue 
admmistiation for this reason Downs and associates'^® m a closely observed 
(ophthalmologically) senes of 223 patients who received 5,353 injections of 1 to 
3 Gm of tryparsamide noted reactions in 93, those m 44 pei cent being subjective 
among the patients with subjective symptoms, objective ocular findings ivere absent 
In this senes, 78 per cent of the patients noted the subjective effects (dim vision, 
spaiks, distoition, flashes) piioi to the tenth injection and 22 pei cent after the 
tenth injection In all but 1 of the lattei group, compiismg 9 patients, recurrence 
of subjective symptoms was noted during subsequent senes of injections 

Woods and Moore noted that 101 per cent of their patients leceivmg 
tryparsamide theiapy made complaints of visual distuibance , in them, also, objective 
findings weie absent It was their observation that after subjective symptoms had 
disappeared even moie intensive tiyparsamide therapy could be admimsteied 
without lecuirence of a similar type of complaints and, further, the size of the dose 
apparently had i datively little to do with the production of this type of complaint, 
in fact, small doses were thought to produce more undesirable visual effects than 
did the larger doses They recognized that patients with dementia paralytica or 
tabes dorsalis noted subjective distuibances more frequently than did patients with 
other types of neui osyphilis 

Moore and Sutton®’- have emphasized the importance of subjective symptoms 
m view of the fact that fundus changes and other objective findings are absent 
at the time subjective complaints are noted 

The admmistiation of tryparsamide to patients who were not ophthalmologicallj'' 
letested despite the appearance of subjective complaints was described by Sloan 
and Woods One patient noted a subjective type of reaction after both the third 
and the eighteenth dose but retained noimal lusion although theie was model ate 
conti action of the fields The other patient noted subjective disturbance of vision 
after the third injection and progressed to blindness on the persistence of tieatment 
Both ultimately showed optic nerve atrophy, the former slight and the latter 
mai ked 


Trj'parsamide Therapy in Neurosyphihs, Canad M A J 15 46, 

Reactions to Tryparsamide Therapi, 


49 Crawford, E lil 
1925 

50 Downs, W G , McDermott, W , and Webster, B 
Am J Syph, Conor & Ven Dis 2S 16, 1941 

r Mri’926 tryparsamide m Treatment of Late Ne„,osypl„l,s, 
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Among 52 patients (Ebaugh and Dickson and 100 patients (Solomon and 
Viets®^) transient symptoms of unspecified chaiacter were noted, in both senes, 
persistence of unfavorable effects was noted in a small percentage of patients 
treated 

In a review of the literature describing the treatment with tryparsamide of 
2,087 patients without preexisting syphilitic lesions of the optic nerve, Sloan 
and Woods noted an aggiegate of 5 33 per cent of subjective reactions These 
complaints consisted of dazzling, shimmering or tremor of vision, occurring tran- 
siently SIX to twenty-foui hours after the injection, objective findings were absent 

Characteiistic of the subjective reaction to tryparsamide therapy is the apparent 
intensification of the visual disturbance in positive illumination with diminution 
of symptoms in subdued illumination 

OBJECTIVE IMPAIRMENT OF VISION DURING TRYPARSAMIDE THERAPY 

Woods and Mooie obseived that 5 5 per cent of their patients showed objective 
signs of visual damage during therapy with tryparsamide, final studies of this 
series after use of the drug was discontinued indicated that either complete recovery 
or severe permanent visual deterioration might result, avmidance of the lattei 
permanent and severe sequela was accomplished by the withdrawal of the diug 
immediately on the appeal ance of symptoms In this particular series of patients 
94 per cent of the reactions appeared prior to the tenth injection of the diug 
and were considered by the investigators to be due to a diiect toxic effect of the 
drug on the nerve or retina The change in the visual field was described as 
contraction, involving especially the upper and lower nasal areas, with involve- 
ment of the temporal portion occurring infrequently Among their patients showing 
unfavorable visual tolerance to the drug, 3 patients attained full recovery, 3 patients 
had a residuum of slight contraction of the fields (with normal vision), 5 patients 
had reduced central vision and 2 patients suffered severe permanent damage 

Downs and associates,®” previously referred to, noted that 52 patients among 
223 receiving tryparsamide had objective reactions, of these, 20 patients had 
reactions described as mild, consisting of moderate contraction of the fields, 
especially in the nasal portion, together with depression of the vnsual acuity The 
changes disappeared when use of the drug was discontinued The reactions 
in 11 patients appeared prior to the tenth injection and those in 9 after the tenth 
injection An additional 27 patients had reactions designated as moderately severe, 
characteiized by contraction of the fields and depression of central vision, neither 
of which type of change was permanent In this group, the reactions in 17 patients 
occurred piior to the tenth injection and those in 10 occurred later 

Pearce ®® discussed the use of trypaisamide in 77 patients with trypanosomiasis,* 
objective reactions occurred in 9 but permanent damage was detected in only 3 of 
these patients Powell and Smith described constriction of the fields in 11 
of 16 patients during routine administration of tryparsamide Three patients showed 
no change, and 5 showed an initial expansion followed by subsequent contraction 
j\Ioderate contraction following an initial expansion possibly due to the tonic 

53 Ebaugh, F G , and Dickson, R W Tryparsamide in the Treatment of General 
Paraljsis, J A M A 83 803 (Sept 13) 1924 

54 Solomon, H C , and Viets, HR A Comparison of Tryparsamide and Other Drugs 
in Treatment of Neurosjphilis, J A M A 83 891 (Sept 20) 1924 

55 Pearce, L Studies on Treatment of Human Trypanosomiasis with Tryparsamide, J 
Evper Med 34 1, 1921 

56 Powell, L S, and Smith, H S Studies of Visual Fields in Connection with Tr^p- 
arsamide Therapj, Arch Ophlh 24 276 (Aug) 1940 
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eftect of the drug was consideied as a usual occurrence lather than as a reaction 
to the drug, which did not occur in this senes Among 4 patients with objective 
leactions among 85 syphilitic patients receiving tryparsaniide, Wile and Wieder*'' 
noted that m 1, in addition to blurring of the vision, a neuroretmitis with contraction 
of the fields for form and color developed 

Cady and Alvis have noted that statistical studies of pool results are fre- 
quently associated with limited numbers of patients, and they have attributed 
unfavorable visual effects to inadequate experience with the drug In their closely 
studied (ophthalmologically) senes of patients free of detectable syphilis-produced 
ocular lesions, only 5 2 pei cent manifested involvement due to trypaisamide 
Permanent change, howevei, occuried in only 1 3 per cent of persons who prior to 
use of tiyparsamide weie fiee of optic neuritis, optic nerve atrophy or syphilis- 
pioduced change in vision, fundi or visual fields 

Sloan and Woods noted in their summaiy (previously leferred to) of 2,087 
lepoits in the hteratuie on patients in whom prior syphilitic involvement of the 
optic nerve was not appaient that 3 53 per cent of the patients piesented objective 
evidence of damage due to tryparsamide In the leaction which the}^ classified as 
“chronic,” changes are noted primarily m the visual fields, with central vision 
lelatively undisturbed The upper and lower portions of the fields nasally weie 
involved Scotomas were not present, nor was either the blindspot or the coloi 
vision alteied Constiiction of the fields, once developed, tended to be permanent, 
visual loss usually stopped short of blindness if use of the drug was discontinued 

Sloan and Woods indicated that the peripheral field defects of tryparsamide 
theiapy and of syphilitic atiophy of the optic nerve aie similar in that there is 
gi eater contraction proportionally for white than for blue or red and a greater 
defect for red than for blue, the latter finding being common to all early lesions 
of the conduction path Field defects of syphilitic atrophy of the optic nerve do 
not show relative sparing of the temporal field and contraction of the upper and 
lower nasal fields, as is consistently the case with tryparsamide In damage due to 
ti ypai sainide the far peripheiy of the field is affected most severely, the midpe- 
iipheiy onty slightly and the central field not at all, except in very seveie reactions, 
this fact indicating a lesion which does not affect the entire cross section of the 
nerve at the same time They did not agree with Lillie in his view that the visual 
field defects accompanying trypaisamide therapy are due to reactivation of a latent 
syphilitic optic nerve atrophy and suggested that if a direct neuritic involvement 
of the peiipheral nerve occurs the lesion cannot be near the bulb, where the papil- 
liomaculai bundle not usually involved, is located Infrequence of pallor of the 
disk supports such a view Further, if reactivation of the syphilitic process 
weie the explanation of visual involvement, then sparing of the temporal field 
would not be possible 

Lilhe has indicated that the impression of a direct toxic eftect due to tryp- 
aisamide may be questioned, as such an occurrence should produce loss of 
cential vision due to central scotomas His understanding of this relationship of 
tiyparsamide to syphilitic disease of the eye has been considered 

Stokes and Wilhelm‘S® noted 8 patients with objective visual reactions among 
152 patients and emphasized that normal vision and fundi are compatible with 
maiked constiiction of the Msual fields These patients, together with others on 

57 Wile, U J , and Wieder, L M Trj'parsaimde m the Treatment of Neurosyphihs, 
J A 1^1 A 84 1710 (June 6) 1925 

p Stokes, J H , and Wilhelm, L F X Tryparsamide in the Treatment of Neuro- 
siphihs, Arch Dermat & Syiih 11 579 (May) 1925 
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whom detailed oculai studies weie made, were the basis of a report by O’Leary and 
Becker,®® in which subjective reactions were noted m 14 patients and objective leac- 
tions m 9 Among the latter, 5 patients retained permanent damage , in 3 this was 
contraction of the fields and in 2 homonymous hemianopsia The leports of Kiib} 
and Hinsie,®® Campbell,®’^ Gibbs and Reichenbach,®- Berg,®® Neymann and Single- 
ton,®'* Silverston,®® Kibler,®® Branche,®' Lazar®® and Cormia ®® may be summaiizecl 
as follows 413 cases were presented, with the occurrence of objective reactions in 
19 In geneial, the cases were inadequately studied ophthalmologically foi statis- 
tical pui poses Subjective complaints weie not described by the various authois 
It IS noted that there was an aggregate of 4 5 per cent of objective leactions 

Mayei and Smith presented a senes of 72 patients m whom no indication of 
syphilitic involvement of the eye was noted , extremely careful ophthalmologic 
examinations were made at repeated intervals, which included colorimetric estima- 
tion of the disk They were able to detect objective reactions m 5 , none had 
residual loss of vision on tollow-up examination 

ALTERATION OF LIGHT SENSE DURING TRYPARSAMIDE THERAPY 

In association with objective ocular changes Sloan and Woods have described 
the light sense as altered bj' tr 3 'parsamide theiap}'^ It was then pieliminary impres- 
sion, based on the study of 8 patients who received tryparsamide as compaied with 
77 patients with syphilis of the central nervous system without oculai involvement 
who did not receive tryparsamide, that a i eduction in sensitivity to light occurred 
in every patient with contraction of the fields or pallor of the disk which followed 
the use of tryparsamide, and, furthei, a quantitative evaluation of the seieiity 
of the tryparsamide reaction m a few patients seemed to be possible However 
a normal curve for certain patients with marked field contraction following 
tryparsamide therapy suggested that the test is of less value in detecting objective 
damage than is perimetry Peripheral meridional measurements, how^ever, w'eie 
anticipated to show depression of the light sense at the onset of untow'ard eftects of 
tryparsamide 

ACUTE VISUAL REACTION TO TRYPARSAMIDE THERAPY 

Five patients among 223 tieated and leported on by Downs and associates'® 
experienced sudden complete loss of central and peripheral vision The ultimate 

59 O’Learj, P A, and Becker, S W Further Observations on the Treatment of 
Neurosjphilis wuth Trjparsamide, M J & Rec 123 305, 1926 

60 Kirbj, G H, and Hinsie, L E Tryparsamide Treatment of General Paraijsis, State 
Hosp Quart 12 53, 1926 

61 Campbell, G B Treatment of General Paralvsis by the Use of Ti j parsamide, State 
Hosp Quart 12 76, 1926 

62 Gibbs, C E, and Reichenbach, E B Trjparsamide in General Paialysis, State Hosp 
Quart 12 82, 1926 
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10 261, 1926 

64 Ne\mann, C A, and Singleton, D E Therapeutic Results with Trjparsamide in the 
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lesult was permanent contraction of the field and diminished visual acuity Four 
of these seveie reactions occuiied prioi to the tenth injection, one occurred after 
the tenth injection 

King'® reported m detail the course of 1 patient with a seveie leaction to 
tiypaisamide There had been no prelimmaiy ocular examination, reduced vision 
was noted ten days after the thud injection, associated with contraction of the 
fields for white and color and central scotoma in each eye There was pallor 
of the disks In two weeks the vision improved, wuth disappearance of the central 
scotoma, but the visual fields lemamed contracted The peripheral fields showed 
progiessive contraction, with complete blindness ensuing five months latei Smith 
noted 2 patients wnth acute leactions among 45 patients treated with trypaisamide 
One of these show^ed complete recovery m five weeks, the other (with indications 
of preceding syphilitic damage) shoived approximately 50 per cent recovery 

Casten ‘ - has desci ibed an acute reaction occnri mg in noi mal eyes subsequent 
to the second injection With forced drainage of the cerebrospinal fluid as imme- 
diate tieatment, and repetition of the pioceduie on four occasions, gradual improve- 
ment of vision to 20/15 with an expansion of the fields to near normal was noted 
in four months Sloan and AVoods“® have reported a similar reaction occurimg 
after the admmistiation of 3 Gm of tiypaisamide, treatment with typhoid vaccine, 
malaria inoculations and forced drainage of the ceiebrospmal fluid was accom- 
plished with the return of vision from perception of shadow to 20/20 and only 
moderate depiession of the visual fields seven months after visual impairment 
occur red 

Fine'® Weeks, Woods and Mooie^’ and Sharpe'® have desci ibed briefly 
and without great detail acute reactions to tiyparsamide therapy 

Munc) has advocated the use of vitamin B concentrate in the tieatment of 
acute reactions to tiypaisamide, Lenif elder has not been able to duplicate the 
lepoited satisfactory results of letuin of visual function 

MECHANISM OE TRYPARSAMIDE DAMAGE TO NERVE AND RETINA 

Young and Loer^enhai t, ' ® m studying the experimental toxicity of various 
ai senicals wnth refer ence to the ocular system, noted that ai senicals w ith the amino 
group, or substituted ammo group, m the paia position to the arsenic produced 
lesions in the rabbit retina It was then observation that if the ammo group or 
Its substitute group, ivere m the ortho or meta position to arsenic no lesion w^as 
produced m the optic nerve Thus, it was suggested that the position of the ammo 
gioiip, 01 Its substitute was of gi eater significance with relation to the production 

70 King, O H Eye Contraindications to Arsenical Treatment of Syphilis, South M T 
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of ocular damage than was the valence of the arsenic The dose of tryparsamide 
used m their experiments was comparatively larger than that used clinically 

The possibility of systemic retention of tryparsamide after injection, with cumu- 
lative toxic action, is in part answered by the studies of Young and Muehlbeiger 
3 of 4 patients observed excreted 88 to 95 per cent of the drug unchanged 
in the urine during the first twenty-four hours after injection It was con- 
cluded that certain persons may show a slower excretion rate, this possiblj 
increasing the likelihood of oculai reaction Leinfelder has commented that 
disintegration of pentavalent arsenicals which remain in the blood stream is verj 
slow Osborne has experimentally shown that arsenic can be identified in the 
brain of rabbits after therapeutic doses of tryparsamide, but Leinfeldei has noted 
that neither arsenic nor the aniline group will cause the trypaisamide type of field 
defect characterized by peripheral contraction Whether or not arsenic derived 
from tryparsamide reaches the cerebrospinal fluid has been considered 

A histopathologic study of the retina and optic nerves and tracts has been 
presented by Leinfelder After an intravenous dose of 1 Gm of tryparsamide 
vision decreased from normal to amblyopia m each eye , death occurred from uremia 
nine days later Prior to death a moderate degree of optic nerve atrophy had 
been noted , this was represented in the postmortem specimens as a slight gliosis 
without inflammatory or acute degenerative change The nerve sheaths w'ere 
normal In the retina gliosis of the nerve head was correlated with the preexisting 
optic nerve atrophy In the central portion of the retina areas of degenerative 
change \vere noted in the inner nuclear layer, cellular and nuclear structuie could 
not be delineated In the peripheral portion of the retina, where the gieatest change 
was noted, ganglion cells had a cloudy or foamy cytoplasmic appearance, Nissl 
substance had largely disappeared, and nuclei were mostly destroyed The nuclear 
degeneration and loss of Nissl substance were compared by Leinfeldei to the 
marked cellulai reaction occurring in acute intoxications of the central neivous 
system A coi responding acute degenerative piocess was not noted m the optic 
nerves or tracts or in the lateral geniculate bodies , it was considered that the 
primary occurrence was a degeneiation of the ganglion cells of the retina wuth 
secondary degeneration of both nerve fibers and myelin sheaths With refeience 
to this case, Leinfelder w^as able to comment that at least the factois of arteiio- 
sclerosis and alcoholism were not present and to conclude that ocular reactions 
folloiving tryparsamide therapy are most likely of the natuie of idiosyncias}^ to 
the drug, a view'^ suppoited by Coides m a discussion of Leinfeldei ’s case and by 
W oods and Moore 

In a similai study, Lazar®® concluded that the histopathologic changes of a 
patient blinded three 3 ’^ears before death b)' trj’-parsamide w^eie those of syphilis 
lather than the lesult of the use of trj^Darsamide 

Sezary and de Font-Reaulx ®- stated the belief that ocular damage is due to 
toxic action of the drug on the optic nerve rather tlian to leactivation of a latent 
lesion of the disease itself, a view which they stated was substantiated by studies 
w Inch show degeneration rather tlian inflammation , then obsenmtion on patients 
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with optic neive atiophy treated with sodium aisaiiilate and tiypaisamide who had 
neither syphilis noi tiypanosomiasis, and finally, the expei imental evidence that 
these ocLilai changes can be lepioduced in animals by giving them pentavalent 
aisenicals The fact that ocular complications occur with greater frequency in 
patients with involvement of the nervous system and may occur after only a few 
injections has been advanced as an argument in favor of reactivation of the lesion 
Sezary and de Font-Reaulx suggested that a preexisting lesion may render nerve 
fibers more liable to injury by the toxic action of the pentavalent drug 

Apparent activation of a syphilitic process by tiypaisamide with deleterious 
effects on the optic nerve was described by Lillie^® when he reported a case of 
tabes doi sails in which the vision and visual fields were normal piior to anti- 
syphihtic therapy Ai sphenamine, sulfarsphenamine and tiyparsamide were admin- 
istered A contraction of the fields described as shthke occurred, this apparently 
was not related to any specific drug Diffuse degeneration of the neives, more 
pronounced in the periphery, was noted at necropsy, at which time a pathologic 
diagnosis of perineuritis was made 

legal aspects of TRYPARSAMIDE THERAPY 

The important legal aspects of the uncontrolled (ophthalmologically) administra- 
tion of tiyparsamide associated with detrimental visual sequelae aie well exemplified 
by the following court action (Reed versus Church Duiing a period of fourteen 
years following initial treatment of cerebrospinal syphilis in 1923 a plaintiff enjoyed 
good health His eyesight was good although a pan of glasses was pm chased in 
1930 In 1937 this plaintiff fainted suddenly and on reexamination was noted to 
have violent headache and incoherence of speech The defendant physician certified 
at this time that the patient was suffering from severe hypei tension Despite 
this diagnosis and a negative Wasseimann leaction of the blood, the defendant 
physician concluded that the plaintiff had a recur lence of cei ebrospinal syphilis 
and commenced to administer a senes of injections ot tiyparsamide This drug, 
an arsenic compound, was sold in ampules around each of which was a pamphlet 
advising, among other things, that treatment be discontinued immediately on tbe 
appearance of any ocular disturbance After, oi at the time of, the third injection 
the plaintiff complained that the injections were making his eyes a little blariy, 
but each time he complained the defendant physician advised him that his difficulty 
would clear up It did not, however, and the plaintiff subsequently became almost 
completely blind, with “central,” or “gun barrel,” vision due to permanent optic 
nerve atrophy The plaintiff brought suit against the defendant physician foi 
malpractice and obtained a judgment in his favor The defendant physician then 
appealed to the Supreme Court of Appeals of Virginia The plaintiff testified 
that after he had complained of having trouble with his eyes the defendant con- 
tinued the tiypaisamide treatment and gave him in all nine injections The 
defendant maintained that there were two schools of medical opinion as to whether 
the use of tiyparsamide should be continued after the discovery of ocular distur- 
bances The one theory reasoned that the continued use of the drug by helping 
the syphilis would help the optical disturbances, the other theory suggested that 
use of the drug be discontinued immediately on the complaint of visual trouble 
The defendant therefore contended that if he followed either one of these theories 

83 Malpractice— Liability of Physician for Blindness Caused by Administiation of Tiyp- 
arsamide [Reed vs Chmch], Medicolegal Abstract, report of the Bureau of Lesral Medirinr* 
and Legislation, JAMA 116 891 (March 1) 1941 
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he had not been negligent The couit held that the defendant’s testimoii}' “that 
he stopped giving the injections aftei the plaintift complained about his vision” 
committed him to the second school of medical opinion However, since his 
testimony m that regard was disputed by the plaintiff, it was the opinion of the 
court that the important question for the jury’s determination did not relate to 
the rule that when there aie two schools of thought in medical piactice if the 
phj'sician follows one he cannot be negligent, but did i elate to whether or not 
the defendant properly and carefully followed the branch of medical opinion which 
he had adopted On this point the jury resolved the question against him 
A phj^sician, continued the court, is liable only foi a failuie to possess and exercise 
that degree of care and skill ordinarily exercised by prudent practitioners in his 
community In the present case, theiefoie, the plaintiff was required to shmi 
that his blindness was caused not by the cei ebi ospmal syphilis but by the injections 
of tryparsamide and that those injections were given m contravention of good 
practice m that community If it were equally probable that the blindness was 
caused by eithei, the plaintiff could not recover Evidence showed that it is well 
knowm m medical circles that eithei the ceiebrospinal syphilis or the injections 
of tr3^pai samide could cause serious oculai trouble Two physicians did testify 
that in their opinion the atrophy of the plaintiff’s optic nerve was of syphilitic 
oiigin, but the}^ admitted that it ivas impossible to determine by examination w^hether 
this ivas due to syphilis or to arsenical poisoning It would appear that no amount 
of clinical leseaich could determine which of the forces here at work caused the 
atioplty, so It was for the jury to w'^aive the probability and decide The jury 
did so and found, which finding in the opinion of the court was justified by the 
evidence, that it \vas not equalty piobable that syphilis caused the ocular trouble, 
but lather that the defendant’s treatment was the proximate cause of optic nerve 
atrophy The evidence showed that for fourteen years after being tieated for 
syphilis the plaintiff had had no ocular tiouble, that in 1937, despite a negative 
Wasseimann leaction, the defendant tieated him for syphilis with trj^parsamide, 
a potent drug Avhich should be administeied only under ocular control, which the 
defendant failed to exeicise, that m spite of the plaintiff’s complaint of increasing 
Msual disturbances the defendant continued the injections of the drug, and that 
more than a year later the plaintiff underwent an extensive examination foi the 
presence of syphilis which proved to give negative results, although the blindness 
remained Because there was evidence, though conflicting, that at the time the 
plaintiff fainted on Aug 14, 1937 he had a headache, an elevation of blood pressuie 
and incoherence of speech, and in view of his age of almost 62 years, the oppressive 
heat at the time and the negative Wassermann leaction, the court was of the opinion 
that theie was evidence from wflnch the jury^ might have concluded that there was 
not sufficient proof of the recurrence of sy'-philis to justify the defendant in adiiiin- 
istenng tryparsamide in an uncontrolled mannei In fact, there w^as medical 
testimony that such treatment, persistently administered despite increasing loss 
of -vision, ma) be proper only in the case of an extremely aggravated syphilitic 
condition, and there was evidence that in the piesent case no such condition existed 
The court, therefore refused to disturb the jury’s verdict and affirmed the judgment 
foi the plaintiff 

SUM M \R-v 

It IS manifest according to material accessible to leview that a precise evalua- 
tion of the -various factors that contribute to impairment of vision during therap} 
with trv'parsamide is not to be derived from the literature on the subject In tlie 
introduction to this review' the factors operating to veil the entire subject in factual 
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obscuiity weie elucidated Such analytic data as may be leasonably derived aie 
approximately as follows 

There is noted no indication that sex, lace oi age of the patient is i elated to 
untoward visual effect duiing theiapy wuth tiypaisamide This generalization 
must allow, howevei, foi two possible disci epancies Neuiosypliilis usually and 
tabes dorsalis certainly aie disease processes of the middle decades of life, the use 
of tr} pai saniide exclusively for these conditions suggests that factual data based 
on investigational mateiial foi other age gioups w'ould not be available and that 
statistics legarding this subject w'ould not be applicable to the earlier or later 
decades of life It has been noted that reports pertinent to the visual effects of 
tryparsamide theiapy appearing in the foieign literature have shown both a highei 
and a lower incidence of unfavoiable visual involvement than has been noted m 
the leceiit domestic hteiature The fact that trypaisamide was hist available in 
this countiy would suggest that the recent discrepancies of the foreign hteiature 
aie coinpaiable to the confusion indicated in American hteratuie during the first 
yesLis attei the clinical intioduction of the drug into this country With refeience 
to sex and lace, no data of considered significance weie obtained 

The dose of the individual injection, the nunibei of injections and the length 
and number of couises of injections have not been noted to be associated with 
visual effects in a consistent manner On one occasion the comment was made 
that “ small ei doses tended to be more pioductive of unfavoiable (visual) results ” 
In the absence of veiification of this observation, it is not possible to offer the 
conclusion that the amount of the individual dose explains the visual reaction 
The number of doses of tr}^parsamide has long been a factor acknowledged to be 
associated wuth visual deterioration It is generally considered that if untowaid 
effects are to occur, these wall be noted prior to the tenth injection Evidence 
of such a belief is cuirent thioughout the literature Statistically, however, such 
a piesupposition is apparently poorly borne out, and in the light of the figures 
presented, which are the most complete available on this particular phase of the 
subject (Dowais®”), the opinion is best modified to state that most reactions, 
especially "acute” ones, are noted relatively early in the series of tryparsamide 
injections, but such a statement must not preclude lecognition that deleterious 
effects may occur later in the period of treatment 

With regard to the character of the reaction which occurs during a series of 
tr 3 ^parsamide injections the classification of Sloan and Woods is of assistance 
Types of visual effects are designated by them as acute and chrome, with the latter 
type subdivided into objective and subjective The chronic subjective reaction 
IS characterized as occurring in approximately 5 to 10 per cent of patients receiving 
tryparsamide therapy and consists of flashes, sparks or spots before the eyes, 
together with visual distortions and slightly decreased central visual acuity 
Objective findings are not usually detected, the prognosis is good if therapy is 
discontinued 

With regard to the subjective type of reaction, patients frequently have visual 
complaints based primarily on their apprehension, many patients are prone to 
answ'ei in the affirmative regarding visual phenomena, and close interrogation 
with regard to the exact character of such occurrences is desirable before a decision 
to discontinue use of the drug is made 

Objective chronic reactions are specified to occui m a smaller number of patients 
(4 to 5 per cent) receiving tryparsamide therapy, with permanent unfavorable 
results in about 1 per cent This type of reaction consists of contraction of the 
visual field, involving primarily the uppei and low^er nasal areas, wath relative 
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sparing of the temporal portions Moderate depression of central vision is fre- 
quently noted , central scotomas and enlargement of the bhndspot are not char- 
acteristic of this type of reaction The prognosis regarding restoration of vision 
IS held to be good if the condition is recognized and the drug withdraw ii promptly 
There is sufficient evidence that after an initial visual reaction the deleterious 
effect will recur on resumption of tryparsamide therapy to render it advisable to 
withdraw the drug peimanently once an untovard effect of either an objective 
or a subjective character is noted 

During routine administration an initial expansion of the fields vith latei 
moderate contraction of the peripheral field has been described as a usual occur- 
lence It is possibly mcoirect to refer to such minimal contraction as a reaction, 
although it IS reasonably inferred that such an occurrence must, nevei theless, 
be of the nature of a reaction 

Acute reactions are distinct from chronic leactions in all characteiistics, includ- 
ing, possibly, even causation The percentage incidence of such leactions to 
trj^paisamide therapy is not disclosed in a review of the literatuie. certainly, 
however, they are much more infrequent than chronic ones Usually occuiinig 
prior to the fifth injection of the diug, they are characteiized by rapid deteiioiation 
of both central and peripheral vision Complete details m a sufficient number of 
cases aie not available m the literature to indicate m a satisfactorj mannei the 
actual outcome of the ongmal visual detei loration Such cases as aie deemed 
eligible in a statistical consideration of the prognosis of such leactions indicate 
that in approximately one half permanent visual loss will obtain, vhile in the 
other half relatively complete i estoration of vision may occui 

The foiemost question with regaid to the use of tryjDarsamide has leiolved 
aiound the question of atiophy'- of the optic nerve and the susjDected effect of the 
drug when this condition is noted pnoi to the initiation of tiyparsamide therapy 
It IS permissible to state that opinion in legard to this matter as leflected in the 
literature is appioximately equally'- divided among physicians wdio when primaiy 
syphilitic optic nen'e atrophy'- is present would withhold the drug and those who 
under similai conditions w'ould favor its use Any' pieponderance ot opinion 
evaluated in terms of the evidence presented w'ould incline to the view that detectable 
sy'phihtic involvement of the visual tracts offers some ty’-pe of predisposition oi 
possibly- sensitization to the drug, but theie is lacking indication that the piesence 
of optic nerv-e atrophy actually' establishes a satisfactory contraindication to use 
of the drug When optic neive atiophy' is present possible arbitration of the 
problem is best accomplished by closei suiveillance of the patient befoie and during 
tiyparsamide therapy than w'ould otherw'ise be offered, with immediate and pei- 
manent withdrawal of the drug if tangible evidence is obtained that the diug is 
actuallv contributing to the further deterioi ation of vision The consensus is 
complete that remissions of the jirocess of primary sy'pbihtic optic neive atiojffiy, 
together w'lth recurrences of the process, are common to tabes dorsalis and such 
conditions must not be confused with a suspected effect of try'parsamide therapy 
In view of the hopeless course of primary' sy'phihtic optic nerve atiophy when 
untreated, and the fact that other treatment (with the exception of fever therapy), 
offers little or no hope of arresting the process, and in recognition also that 
beneficial action may be receiv'ed from the use of tryparsamide to the same extent 
that deleterious effects may occur, it seems inadvisable to permit the establishment 
of anv rule as such to govern therapy with try'parsamide oi withholding of the 
drug 
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That the differential diagnosis between the normal condition of the optic disk 
and that of primary syphilitic optic nerve atrophy is not always cleaicut is attested 
by the fact that the coloi of the disk, the visual acuity and the visual field findings 
may yield contradictory evidence With the introduction of the numeious complex 
factors associated with visual impairment during treatment with tiypaisamide, 
confusion as to the probable cause of visual impairment is piesent Of the vaiious 
examinations available, apparently the examination of the visual fields ofieis the 
most thorough information m regard to the exact natuie of nnpaiiment of \ision 
The visual field defects of optic nerve atrophy are desciibed as concentiic peiipheial 
contraction, localized defects in the peripheial fields and cential oi cecocentral 
scotomas The peiipheral contraction is model ate and affects especially the nasal 
portion, usually with sparing of central vision 

The intimate or exact natuie of the reaction to trypaisaniide lemains obscuie 
in the liteiature Repeatedly suggested to explain visual in-volvement aie a hypo- 
thetic toxic effect of the drug on the neive oi retina, idiosyncrasy to the diug, 
factois superimposed by diug therapy on active syphilitic involvement (leactivation 
of a piocess) and the Jarisch-Herxheiniei reaction Factois such as the valence 
of the arsenic m the preparation, the structuie of the tiypaisamide molecule and 
the factors of retention-excretion and metabolism have been consideied without 
the establishment of a conclusive opinion concerning the mechanisms of the leaction 

The lelatively infrequent occuirence of systemic effects is against any theory 
holding tiypavsamide to be a toxic diug geneially, contiaiily, the type of visual 
impairment is suggestive of a toxic effect in the natuie of an idiosynci asy, espe- 
cially in the acute leactions There is an absence of pi oof that syphilis oi any 
othei condition predisposes to a leaction to trypaisaniide Theie is, howevei, 
the implication that the exact mechanism of the acute and of the chiomc type of 
leaction may be diffeient In the light of the clinical and pathologic material 
available m the hteratuie, othei factors functioning to produce visual involvement 
cannot be adequately evaluated Theie is no indication that the use of the drug 
should be condemned, contraiily, theiapy is fully desirable, but closer obsen^ation 
ophthalmologically of patients, ceitamly dm mg the preliminary stages of theiapy, 
seems the most desiiable conclusion of the clinical aspects of the problem 

816 Strand 



News and Notes 

Edited by Dr W L Benedict 


SPECIAL NEWS 

A dmnei in honor of Dr Waltei B Lancaster was given on October 14 at 
the Coronado Hotel, St Louis, by the St Louis Society for the Blind in 
cooperation with the National Society for the Prevention of Blindness and the 
Association for Research m Ophthalmology The dinner was given on the 
occasion of the awaid of the Leslie Dana Medal foi the Pievention of 
Blindness 

SOCIETY NEWS 

Canadian Ophthalmological Society — The sixth annual meeting of the 
Canadian Ophthalmological Society was held at Toronto, Canada, Sept 24 and 
25 1943 

The following papers were presented 

‘ Color Photography of External Disease ” A Lloyd Morgan, M D , Toronto 
“Coineal-Scleral Suture,” R J P McCulloch, MD, Toronto. “Sulfonamide 
Compounds in Local Ocular Conditions,” Alson E Bialey, MD (b)’^ invitation), 
New York, “Ivlixed Cell Tumois of the Lacrimal Glands,” J A MacMillan, 
M D , IMontreal “Ophthalmologic Research m the Royal Canadian Navy,” 
Surgeon Commander C H Best and Surgeon Lieutenant Commander Donald 
Y Solandt Toronto , “Orthoptics in Aviation,” Squadron Leader J V V 
Nicholls, MD, Montreal, “Orbital Implants,” W W Wright, MD, Toronto, 
“^ViiboflaMnosis and Circumcorneal Congestion in the Navy,” Suigeon Commander 
E A Amos R C N V R , “Retinal Arterial Tension in Epilepsy,” G A Stuait 
Ramsay, MD, Montreal, “Hereditaiy Disease of the Eye,” Madge T Mackhn, 
M D . London, Ontario , “Amaurosis Caused by Blastocytoma of Adrenal,” 
Cohn Campbell, M D , Toronto , “Colored Moving Pictures of Eye Operations.” 
Alajor J P Gilhooly, R C A M C Ottawa, Ontario 

Asociacion para evitar la ceguera en Mexico — Dr William Thornwall Davis 
vas invited to read a paper on Aug 17, 1943 before the Asociacion para evitar 
la ceguera en Mexico (Society for the Prevention of Blindness in Mexico) on 
ambhopia ex anopsia Since he was unable to deliver the paper personal!}, 
the department of ophthalmology of the George Washington University School 
of Medicine made a sound film of the paper in Spanish, which was sent by mail 
to IMexico and produced at the meeting of the association on the date appointed 
Dr Davis read the introductory paragraphs of the paper, and Dr Castillo Najeia, 
of the George Washington University School of Medicine, 1942, read the mam 
bod} ot the paper for Dr Davis 

UNIVERSITY NEWS 

Ophthalmologic Research at the University of Oxford — ^An announcement 
111 Science (98 318 [Oct 8] 1943) states 

The UnnersiL of Oxford is planning the establishment of a department for 
ophthalmological research, the activities of vhich would include research, teaching 
and the treatment of patients The Ophthalmological Research Endowment Com- 
mittee IS asking for help in raising £250,000 to build, equip and endoiv the research 
laboratories of a department of ophthalmology at the university Contributions 
rccened during the war vill be invested in Government securities The treasurer 
of the Ophthalmological Research Endowment Fund Old Clarendon Building, 
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Oxfoid, will leceive conti ibutions Expenses of the appeal aie being met by 
the geneiosity of the National Institute for the Blind The Tiiue^, London, leports 
that 

‘"The facilities available foi such woik aie consideied wholly inadequate, 
and the umveisity is appealing for funds towaids the establishment of lesearch 
piemises in connection with the Oxfoid Eye Hospital, the lebuildmg of which 
will be begun at the end of the nai , the provision of salaiies foi full-time and 
pait-tiine lesearch workeis, teacheis and technicians engaged in the new depait- 
ment, and the defiaymg of the noikmg costs of leseaiches which would have 
foi then aim the pievention of blindness, the nnpioved tieatment of eye disease 
and the promotion of a highei standard of visual function thioughout the countiy 

“ ‘Undei the pioposed legional scheme of the loint Hospitals Boaid, the 
Oxfoid Eye Hospital mil become the chief legional centei (coveimg the counties 
of Oxfoid, Buckingham and Berkshiie) foi ophthalinological woik and teaching 
Foi this the piesent hospital is inadequate, and is to be lebuilt, tbe necessaiy funds 
being raised by a sepaiate appeal fiom local sources 

“ ‘One of the pioblems which the pioposed department at Oxfoid would 
examine uould be that of discoveiing the safest anti-bacteiial diugs foi oph- 
thalmological purposes The extreme delicacy of the eye is the governing con- 
sideration, as all the usual antiseptics aie poisons, and fuithei investigation will 
need conti ibutions not only from ophthalmology, but bactei iolog)q mycology 
and chemistiy The most promising substance found so fai is penicillin, the 
development of which is laigely the result of woik done m an Oxfoid laboratoi} 

“‘The Oxfoid scheme, which wall be generally welcomed, will foim an 
impoitant contribution towaids the gieat national eftort that is being made to 
abate the toll and suffeimg and economic w^astage due to loss of sight and defec- 
tive vision Statistics prove that, w'hile failure of vision is a hazard common to 
all, the iisk falls increasingly on those who aie m middle and latei life In 1941 
out of a total blind population of 74,000 m England and Wales 63,000 w^ere 
pel sons ovei 40 yeais old ’ ” 



Obituaries 


GEORGE HUSTON BELL, MD 
1866-1943 

Dr George Huston Bell was born m Mount Sidney, Va , on Aug 10, 1866, 
one year after the close of the Civil War He died suddenly in New York on 
Oct 5, 1943 His father before him. Dr William Bell, was a physician He 
came of English and Scotch ancestry, long established in the Valley of Virginia 
He received his early education at the Augusta Militaiy Academy, Fort Defiance, 
Va , one of the best known preparatory schools foi boys in the South He 
obtained his degree of Doctor of Medicine from the Univeisity of Virginia in 
1897 Immediately thereafter he entered on his long careei in ophthalmolog)' 
In 1899 he completed his internship at the New Yoik Eye and Ear Infirmaiy His 
connection with this institution spanned a peiiod of forty-five years, interrupted 
only once, in early life, by a year spent m postgraduate work in Europe In 
1917 he Avas appointed a full surgeon at the Infirmary, with a clinic of his own. 
Dr Conrad Beiens serving as his chief of clinic Tivelve years latei, in 1929, 
he became consulting surgeon, which appointment he held until his death 

Although Dr Bell’s surgical activities were centered at the Infirmary, he 
found time to serve also on the staffs of other institutions, including the United 
States Marine Hospital on Staten Island, N Y , the Hudson Street Hospital, the 
St Andrew’s Convalescent Hospital and the New York Polyclinic Medical School 
and Hospital, in ivhich he was piofessor of ophthalmic suigery 

Most of Di Bell’s contributions to the literature leflected the trend of thought 
of American ophthalmology m the eaily years of the present century Thus, m 
his best known papers he discussed the teeth, the tonsils and toxemia, the “three T’s” 
as he termed them, in their relation to diseases of the eye He established the 
proceduie against postoperative infection, now in use at the Infirmary, namely, 
the instillation of a 1 per cent solution of silver nitrate into the conjunctival sac 
an hour before the time set for operation In a paper published in 1926 he va'; 
able to report on 1,500 major ophthalmic operations without a single infection 
Toward the end of his surgical practice, when nearing the age of 70, he estimated 
that he had pei formed 3,000 cataract extractions 

He was a fellow' of the American College of Surgeons, a member of the 
American Ophthalmological Societ)', a member of the New York Ophthalmological 
Society and a member of the New York Academy of Medicine 

Dr Bell possessed a kindly, generous nature and retained to the last a high flow 
of spirits He w'as an active member of the Virginia Society and the Southern 
Societ} 111 New York In him the homing instinct was well developed He 
maintained the old homestead, “Bellview' Farm,” near Mount Sidney, Va , wdiere 
he passed his summer \acations His clubs W'ere the Ardsley Country Club and 
the Racket and Tennis Club He belonged to the Phi Kappa Psi Fraternity 
He was a Mason and a Presbyterian In singular ways his life parallelel that of 
the late Dr Robert G Reese Thej were born m the same year and were brought 
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up in the same county, then fathers had been suigeons in the Confedeiate Aimy, 
they attended the same schools , they both gi aduated in phai macy bef oi e studying 
medicine , they belonged to the same fraternities , they interned at the same institu- 
tion, and they both enjoyed a luciative practice No surgeons ever seived the New 
Yoik Eye and Eai Infirmai}' moie faithfull)^ and devotedly than these two men, 
and feu ovei a longei period 



GEORGE HUSTON BELL, MD 
1866-1943 


Dr Bell s death, at an advanced age, brought to an end a happy life, eminently 
successful 111 eveiy way He will be missed by man> friends and patients Sui- 
viving him are his widow, Mrs Florence Winifred Collins Bell , a brother, Archibald 
H Bell, of Richmond, Va , and three sisters, Mrs Clifford Prater, of Knoxville, 
Tenn , Mrs John C^rus McCue, of Fort Defiance, Va , and Miss Willie Bell of 
Mount Sidney, Va ’ 

Bernard Samuels 




Abstracts from Current Literature 

Edited by Dr Willi\m Zentmayer 


Cornea and Sclera 

Treatment or Epidemic Keratoconjonctivitis A E Braley and M 
Sanders, JAMA 121 999 (March 27) 1943 

The authors discuss 10 cases of epidemic conjunctivitis in which theie were 
the following manifestations pronounced edema of the lids, conjunctiva and 
semilunar fold, with bulbar chemosis , involvement of the preauncular lymph nodes, 
usually both the submental and the anteiior cervical, severe oculai discomfort asso- 
ciated with excessive tearing, appearance in conjunctival scrapings of mononuclear 
cells with practically no polymorphonuclear leukocytes, and negative cultures 
In 9 of the cases striking clinical improvement occurred a shoit time aftei 
mtiavenous injections of human convalescent serum weie given However, need 
for a controlled group of cases cannot be stressed too strongly It has been 
pointed out that there is no correlation between the intensity of the clinical symp- 
toms and the duiation of the disease It should also be remembered that it is 
highly desirable that the present study be enlarged from the point of view both 
of cases in which there is treatment and of control cases, and that standaid, 
accurately titered convalescent serums be employed Zentmayer 


Acne Rosacea Keratitis and Riboelavine (Vitamin B ) W M Fish, 
Bnt J Ophth 27 107 (Maich) 1943 


The authoi quotes from the hteratuie to the eftect that "losacea keratitis 
(so-called) may be the direct result of deficiency of riboflavine” and further that 
“the term ‘dietary keratitis’ (used by Sydenstricker) appears to indicate a new 
designation of the condition familiar to ophthalmologists as rosacea keratitis, 
so-called ’’ Fish consideis this rather surprising in view of the fact that acne 
rosacea is a rare disease in the southern states of Ameiica, where riboflavin 
deficiency is common, and is not even mentioned in Sydenstncker's paper 
The author studied 45 patients with acne rosacea with the slit lamp in ordei 
to find out whether they showed the type of corneal vascularization demonstrated 
to him by Sydenstricker as diagnostic of ariboflavinosis, e g , a bilateial, sym- 
metric superficial proliferation of new streamer-like fine vessels from the liinbal 
loops, forming a more or less regular pattern all around the cornea and extending 
tow^ard its center Of these 45 patients all had the cutaneous and all but 2 the 
corneal lesions typical of rosacea, but only 3 had the bilateral corneal involvement, 
so that in 40 cases there ivas a control eye, unaffected by ulceration, in which to 
look for the coineal vascularization typical of ariboflavinosis, wdiich, though not 
always equal in the tw'O eyes, is ahvays bilateral This type of vascularization 
w’as absent in all 40 cases 


In the present senes rosacea keratitis does not ajipeai 
of ariboflaMiiosis 


to be the diiect lesult 
W Zentmayer 


General 


Colour in Protective Night Light C E Ferree and G Rand, Brit J Ophth 
27- 173 (April) 1943 

Ferree and Rand state that in the selection of a color for protective night light, 
the ocular factors as well as power to penetrate the external atmosphere, should 
be taken into consideration — name!}, the comparative sensitivity of the ere to 
colored light at leri low intensities, usual acuity at low intensity and adaptation 
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factois 'Vn instiunieiit teinied a vaiiable illuminatoi has been made m the foim 
of a lamp with the opening turned dounuaid oi obliquely downuaid By means 
of a lotatable shuttei the light can be vaiied in continuous change fiom full to 
extinction, so that it can be used as a night light to obtain a complete black-out 
01 as neai a complete black-out as may be desiied In this lamp any coloi, type 
or wattage of bulb can be used, even the small neon night bulb Suitably equipped, 
it should serve a useful purpose in protection night lighting, even when total 
extinction of light foi a complete black-out is necessaiy Zentmayer 

Hygiene, Sociology, Education and History 

Ophthalmolog\ and Sociology A Loewenstein, Bull Czechoslovak M A 
m Gieat Britain, 1942, no 3 

Aftei discussing the mam causes of blindness, the author suggests means of 
pievention It is difficult to prevent heieditaiy disease oi defects, and he suggests 
that advisory offices might be established where engaged couples could get guidance 
Statistics have shown that blindness fioni venereal disease is rapidly decreasing 
Antepartum tieatment is now well established and is distinctly 'successful The 
gieatest modern problem is injuries in the industrial coiintiies Many injuries 
in woikshops aie due to defectne illumination, the author states that at least 
15 pel cent of all injuiies to the eyes aie caused by insufficient lighting In one 
factory aftei modern lighting fixtures were installed, the fiequency of accidents 
was 1 educed by 7 per cent Also, industiial efficiency depends on good vision 
It IS necessary to control toxic materials, such as gases, dusts and vapors , to 
piovide piotective goggles against fl 5 ang objects and radiant eneigy, and to 
piovide adequate illumination In the final section the authoi stresses the need 
of more careful teaching of ophthalmology in the medical schools This would 
lesult in a gieat stock of good ophthalmic surgeons to cairy on the battle foi 
the sight of the using generation Arnotd Knapp 


Methods of Examination 


Neltralizing Cylinder Glasses as Test for Malingering H Lytton 
But J Ophth 26-512 (Nov) 1942 


Mahngeimg by claiming a reduction m visual acuity to approximately the same 
extent m the two eyes is difficult to unmask 

Lytton has found the following test useful In addition to the glass which 
gives the best possible correction, a plus cylinder glass, e g , -f 1 00 D cyl , axis 
90, is put 111 the rear immobile groove of the trial frame, and the corresponding 
minus glass, 1 0 D cyl^ axis 45, is placed m the revolving compartment in 
fiont Now the examinee is asked to change the axis of the minus cyhndei by 
1 evolving it until he obtains the clearest definition of the test types It speaks 
strongly foi his honesty if he tuins the axis into the neutralizing position of 90 
degiees A malingerer is likely to put the axis at 180 degrees If he still claims 
to see, foi instance, the fourth line of the chart, indicating a visual acuity of 6/18, 
It is proved that his vision is at least 6/9, as the crossed cyhndei reduces the 
Msual acuity about 50 pei cent ^ 

v\' Zen tmayer 


Neurology 


SiumEs ON THE Corpus Callosum V Homonymous DEEEcrs for Color 
Object and Letter Recognition (Homonymous Hemiambl\opia) Before 
AND After Section of the Corpus Callosum A T Akelaitis Aich 
Leuiol & Psychiat 48* 108 (July) 1942 ’ 

Three cases are reported in wdiich routine peiimetric fields were normal but 
lonionymous hemiamblyopia w^as piesent The methods of testing aie described 
in detail Biiefiy, the authoi s found gross studies moie reliable and informative 
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than the use of small test objects on the Bjerrum screen Such studies included 
ajDpreciation of various shades of gray as utilized in Hering’s gray papei series, 
appreciation of form b}'’ use of geometric figures as found m the Stanford-Binet 
series and attentiveness to two similar objects presented simultaneously to identical 
points in each homonymous field Each patient showed loss of lecognition of 
forms, objects and letteis and impairment of attentiveness and of perception of 
illumination The usual remark was, “I see something but don’t know wdiat it is ” 

Evidence in each of the cases suggested that the hemiamblyopia lesulted from 
a lesion m the posterioi portion of the contralateral hemispheie Howe^el the 
author points out that cases have been reported m wdiich lesions of the optic tiact 
were responsible, and he therefore concludes that hemiamblyopia has only limited 
localization value 

Complete or partial section of the corpus callosum produces no changes m the 
hemiamblyopic visual field p TRVi\r 


Boeck’s Disease (Sarcoid) or the Central Nervous System Report of a 
Case, with Complete Clinical and Pathologic Study T C Erickson, 
G Odom and K Stern, Arch Neurol & Psychiat 48 613 (Oct ) 1942 

A case is reported with complete clinical and pathologic stud)% show iiig a clinical 
picture of adhesive arachnoiditis with internal hydrocephalus Theie was pro- 
giessive bilateral papilledema with retinal hemorrhages and visual loss 

Biopsy of a nodular lesion from the upper hp established a diagnosis of Boeck’s 
sarcoid, and examination of granulomatous processes wuthin the central nervous 
system lesulted in a similar diagnosis p Trmxe 


Histogenesis or the Early Lesions of Multiple Sclerosis I Significance 
or Vascular Changes M Scheinker, Arch Neurol & Psj'chiat 49 178 
(Feb) 1943 

The author provides the following summary 

“In 20 cases of multiple sclerosis the earl)'- stages of plaque formation and then 
relation to the vascular system were studied A positive correlation was tound 
between the early lesion and the presence of vascular abnormality The A'lew 
IS expressed that vascular change, particularly occlusion by thrombosis, is an 
essential factor in the pathogenesis of demyelinated plaques ” 


Ocular Muscles 

Anomalous Retinal Correspondencf D E DigicE, Am J Ophth 25 585 
(May) 1942 

Dicke reviews the frequency and manner of development of anomalous letinal 
correspondence and discusses the tests for its presence She emphasizes the value 
of preoperatne treatment of patients wdio wall be subjected to surgical intervention 

W S Reese 

Orthoptic Treatment of Anomalous Projection D S Mann Bnt J 
Ophth 27 215 (IMay) 1943 

As indicated by the title of the article, Mann jirefers Wrhoeft s term — anomalous 
projection — of the many under w Inch the phenomenon goes Details of the preopera- 
tne treatment are gnen Operation is almost inevitably necessary, and tliere is 
no point 111 prolonging treatment before operation if the patient show's no improve- 
ment after three or four Msits The only general prerequisites are that the MSioii 
should be equal and the patient should be able to alternate readil) When the 
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operative lesult is good, the probability is that some binocular vision may be 
recovered in time without orthoptic treatment However, the recoveiy is seldom 
complete, and m general the postopei ative treatment is essentially the same as the 
preoperative W Zentmayer 

The Pupil 

Anomalous Pupil Reactions B G Edelston, But J Ophth 26: 507 (Nov) 
1942 

Three cases of anomalous pupillaiy leactions are lepoited The fiist patient 
was a man aged 30 with tabes dorsalis The pupils weie small, equal and centrally 
placed They dilated to an appreciable degiee to light There was eaily optic 
neive atrophy The Wassermann reaction was stiongly positive The second 
patient was a man aged 59 There was a histoiy of a primaiy soie at the age 
of 29 The pupils were modeiate in size, centially placed and equal Light 
stimulus caused a moderate dilatation The Wasseimann reaction was stiongly 
positive At autopsy a new pulmonary growth in a caseous condition was found 
The third patient was a woman aged 28 The left pupil was largei than the light 
and was immobile to light but showed slight slow contraction m convergence 
All the superficial reflexes except the biceps jeik w^ere alisent The patient w^as 
noimal in every othei respect Although when she w^as 10 yeais old a diagnosis 
of juvenile tabes was made, Edelston believes the pupillary phenomenon to be an 
example of myotonic pupil ‘ Zentmayer 


Refraction and Accommodation 

Muscle Balance in Myopia W W Baum, Am J Ophth 25.291 (Maich) 
1942 

In this rather brief article Baum concludes fiom his studies of muscle balance 
in myopia that orthoptic tieatment is of definite value m the control of the com- 
mon functional myopia seen in children and young adults S Reese 

The Problem of the Hypermetropic Miner A C Reid, Brit T Ophth 
27. 110 (Maich) 1943 

Reid points out that the myopic mmei who consistently wears his collection 

on top can dispense wuth glasses below ground This is not true of the mmei wutli 

high hypermetropia, who has to accommodate to see his work, since a mmei’s 

work IS done mostly within aim’s length Fourteen cases of hyperopia of high 

degrees are lecorded to show the points the author wishes to laise Seven of 

the patients who had an erroi of betw^een 2 and 4 m the lowest axis aveiaged 

37 years of age, the exti ernes being 28 and 44 With a + 4 D erroi few men 

can go beyond the age of 30 at the coal face With an eiror of -f 6 D oi moie, 

piobably no man should go below, and few do It would therefore seem reasonable 

to advise lads with both eyes good not to go down if the error is -f 3 D oi more 

and squinters or amblyopes not to go down at all Much can be done in advising 

the parents when a boy is about to leave school ttt o- 

W Zentmayer 


Retina and Optic Nerve 

Note on Some Symptoms Associated with a Retinal Lesion E G Httt 
Brit J Ophth 27:97 (March) 1943 ’ 

At the age of 47 the author experienced some difficulty in vision accompanied 
by the appearance of a veiling patch of light Corrected vision in each eye was 
6/5 No scotoma was present Ophthalmoscopic examination by Wilhamson- 
Noble disclosed m the right eye a shimmering area in the macular region which 
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the examinei attributed to some tlnckenmg of the internal limiting membiane of 
the letina The fundus of the left eye was noimal The symptoms noted by the 
patient ueie image distortion with localized aniseikonia, the appearance of a 
luminous or a shadowy veil, a phenomenon termed the “after flash,” conveigence 
eftect and pain The author gives a detailed desciiption of the symptoms and 
suggests the following explanation 

“The image distoition ma} piesumably be attributed to a displacement of the 
letinal elements, and the charactei of the change shows that the centre of the 
retina must be bunched The convergence eftect seems to indicate a residual 
lack of rigidity m the posterior stiucture of the eye It may also be mentioned 
heie that, associated with these changes, a blind patch of ten minutes subtense 
made its appearance and is located, presumably significantly, exactly at the centre 
of the fovea 

“The flash and veil phenomena are piesumably bound up with the bleaching 
of the visual purple, and it would seem that the lesion has disturbed this mechanism 
01 ei the aftected area As there is no reduction m the level of dark adaptation, 
the failure seems more related to the actual bleaching reaction than to the secretion 
of visual puiple The discrimination between the effects in blue and other colours 
may contiibute to the elucidation of the mechanism of dark adaptation, as there is 
leason to suppose that the rate of daik adaptation is a function of the colour of 
the preadapting light ” 

The aiticle is illustrated 2ENTj\rAYER 


On Sohe Anomalous Forms of Amaurotic Idiocy and Their Bearing on 
THE Relationship or the Various Types R Wyburn-Mason, Brit J 
Ophth 27 145 (Apiil) , 193 (May) 1943 


Wyburn-Mason reports a group of cases of amaurotic idiocy of the type 
described by Tay, in some of which there were atypical features This is followed 
by a gioup of cases of the juvenile type, in some of these the disease was of the 
late infantile type described by Bielschoivsky under the term “late infantile 
familial amauiotic idiocy with cerebellai symptoms ” Still another group comprises 
instances of the late juvenile type Finally, an adult type is described 

Evidence is brought forward that there are two types of the disease, infantile 
and jinemle, which aie not related to one another except in their similai histologic 
appeal ances It is probable that atypical forms ot the juvenile disease occur in 
which eithei the retinal or the cerebral manifestations are absent, especially in 
older patients It seems likely that the disease is unrelated to macular heiedo- 
degeneration 

The aiticle is illustiated wuth fundus drawings 


Trachoma 

Sllevmlamide in the Treatment or Trachoma R Sory, Am [ Ophth 
25 713 (June) 1942 

Sory presents the following summai}'^ and conclusions 

“1 In experiments for control, patients leceiving sulfanilamide by mouth undei- 
went treatment in one eje with drops of the drug, and in the othei with either 
grattage or application of sih ei or copper salts , recover} from infection occui red 
only in the latter eye 

“2 Of 49 patients treated with sulfanilamide alone, the condition in 14 was 
unchanged in 21 improied, and in 14 ai rested, 7 of the cases being of the “flare-up” 
1 aiiet} 

“3 Ihe diug had least beneficial effect on papillary oi follicular hypertroph) 
of the conjunctna, its best effect was on the coineal lesion associated with the 
‘ flare-up” tipe 
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“4 In combined sulfanilamide and othei tieatment, an analysis of 274 patients 
ie\eals arrest in 235 (86 pei cent), impiovenient in 38 (14 pei cent), and no 
change m one 

“5 In the combined tlieiapy, giattage and chemical treatment weie of appioxi- 
mately equal effectiveness , then selection should vary in different patients depending 
upon the charactei of the disease 

“6 In opeiations perfoimed to coiiect sequelas of tiachoma, it is thought that 
sulfanilamide may also be of use 

“7 The results of this study indicate (o) that sulfanilamide only exceptionally 
ai rests trachoma, and by itself is less reliable than other accepted forms of treat- 
ment, (b) 111 conjunction with othei therapeutic measuies, lecovery is accelerated, 
and a high degree of efficacy is readily attainable, (c) even in the latter instances 
lecurrences may occur, suggesting that tiachoma is, as formeily, auested and not 
cwed” \T\r s Reese 

Uvea 


Progressive Atrorhy of the Iris with Formation of PIoles and Increased 
Intraocular Tension Report of Cases J Scharf, Kim Monatsbl 
f Augenh 106:411 (April) 1941 

Two cases of progressive atrophy of the ms with foiniation of holes m the 
Ills and increased intraocular tension are reported The patients, both women, were 
51 and 26 The result of gomoscopic examination is described and evaluated 
As this disease is desciibed by a number of writers quoted, great rarefaction of 
the stroma of the ins occurs with progressing formation of holes, the area of the 
sphincter remains intact the longest and glaucoma of a malignant type follows, 
resisting all local and surgical therapy Usually only one eye is affected Regarding 
the origin of glaucoma, no agreement was arrived at by a number of obseivers 
Scharf found peripheial synechias causing adhesions between the root of the ins and 
the inner corneal surface at a time when no evidence of glaucoma could be obtained, 
not even by provoking tests Furthermore, he does not accept the theory that 
accumulation of pigment and obliteration of the canal of Schlemm may be the 
cause of glaucoma, because considerable pigmentation of this area was observed 
in his second case in the absence of glaucoma 

In the author’s opinion the disease described is due to developmental distur- 
bances of the mesoderm of the anterior segment of the eyeball The uveal fetal 
tissue, which is only sparingly preserved at birth, still exists in the form of 
peripheral synechias When it completely disappears it pulls the peripheral 
portion of the ins toward the root of the ins Thus the ins, being increasingly 
stretched between the peripheral adhesions and the forming ectodermal sphincter, 
uill suffer progressing atrophy, followed by formation of holes 


Therapeutics 


K L Stoll 


Vitamin Therapy in Ophthalmology A M Yudkin, Am T Onhth 25- 
284 (March) 1942 ^ 

Yudkin concludes as follows 

Throughout the discussion, no mention was made of any specific form of 
vitamin and I avoided speaking about the recent miraculous cures of oculai dis- 
turbances by factors of the vitamin-B group These results have not been repeated 
by enough clinicians to warrant their general use in ophthalmic practice The 
vitamin-B group may be obtained in concentrated form if the patient objects to 
bi ewer’s-} east powder The fish-oil concentiates may be substituted for cod- or 
hahbut-hver oils There is, however, no substitute for a well-balanced diet ” 


W S Reese 
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NEW YORK ACADEMY OF MEDICINE, SECTION 
OF OPHTHALMOLOGY 

Daniel B Kirby, M D , Chau man 
R Townley Paton, M D , Seaetaiy 
Jail 18, 1942 

Military Ophthalmology Dr W Thornwall Davis (by invitation) 

Injuiies to the eye in war are of the same type as those in civilian life but 
are likely to be more severe The conditions under which such wounds and 
injuries are received and treated render them more dangerous The extremely 
lapid movments of troops and weapons, the much greater firing powei and the 
aeiial bombing, with tremendous explosive foice, all make difficult or impossible 
the adequate care of wounds of all sorts, those of the eye included Hence, although 
injuries to the eye in wartime are akin to those in peacetime, the facilities for 
then caie are entirely different It is from this point of view that observations 
should be made For persons who have not had military service this is difficult 

Thermal burns constitute the great majoiity of all injuries to the eyes in the 
present vai, far exceeding those in any previous one So far, many more foreign 
bodies are found m the globe in this wai than in World War I Most of them 
are nonmagnetic 

The methods of treatment m the field of all the unspeakably horrible injuries 
to the eyes weie discussed Treatment at the front is medical first aid, and on its 
propel administration will depend the saving or loss of many eyes Surgical 
tieatment in hospitals for such eyes is not discussed, since this is not a military 
problem and diffeis in no w^ay from the tieatment in civilian life 

The importance of a pioper understanding of color vision, night vision 
anoxia and high altitude flying is discussed Most of this knowdedge is relatively 
new^, and some of it is not yet available to members of the medical profession 

The gieat importance of aiuation medicine, particularly the part related to 
ophthalmology, was emphasized 

Penicillin and Sulfadiazine in Treatment of Experimental Intraocular Infection 
with Pneumococcus Dr Ludwig von Sallmann 

This jiaper was published in full in the Octobei 1943 issue of the Arciiivls 
page 426 

discussion 

Dr D vmel B Kirby I am interested to know how penicillin came to be 
eniplo}ed Can Dr Meiei say something about the chemistry of this product 
and the nature of its action? 

Dr K\rl j\In\nR (by invitation) Perhaps I should say a few words, 
not so much about the chemical composition of penicillin, which is comjilicated and 
to a large extent still unknowm, as about some bactericidal or bacteriostatic 
pioducts of bacterial origin which have been under imestigation in the last few- 
lears Such substances have been obtained fiom bacteria and from molds 
and fungi 

The most wideh known and the most thoroughly studied so far is gramicidin 
which was discoiered and imestigated chiefly by Dubos and his collaborators at 

698 



SOCIETY TRANSACTIONS 


699 


the Rockefellei Institute foi Medical Research Gramicidin is a polypeptide of 
laige moleculai weight, derived from Bacillus bievis It has been used locally 
only, since it iS hemolytic and highly toxic when given systemically It has been 
used in suiface wounds, such as ulcus cruiis, with excellent results Howevei, 
as my associates and I at the Institute have convinced oui selves, it is inhibited 
by naturally occurimg substances and therefoie has a limited application Di 
Thygeson used it in a few cases of blepharitis, with discoui aging results 

Other agents of bacterial origin have not been studied clinically to any 
extent iMost of them offei no hope because they aie highly toxic, even in minute 
concentiation, or their potency is too low 

Honevei, penicillin, which is a yellow pigment derived fiom Penicilliuin 
notatum. has been administeied to a fairly large number of patients by intia- 
venous, subcutaneous oi intramuscular injection This work of Dr von Sallmann’s 
IS the fiist in which the drug has been introduced into a body cavity by lontophoiesis 
Penicillin is suited for chemotherapeutic work because it is not influenced by body 
constituents and, further, is relatively atoxic, 1 Gm per kilogram of mouse is 
the minimal lethal dose Less than 1 mg of penicillin has been found effective in 
cuie of an infection with about 1,000,000 times the fatal dose of streptococci In 
vitio the effect is still moie remarkable, m that 0 00001 mg is enough to kill 
between 2 000,000 and 3,000,000 virulent hemolytic streptococci In this countiy, 
effective cuies have been reported in cases of pneumococcic meningitis, staphy- 
lococcic meningitis, sepsis due to the streptococcus, staphylococcus and pneumo- 
coccus and osteomyelitis In most of these cases previous treatment with a 
sulfonamide compound was unsuccessful, eithei because the diug nas not effective 
01 because the patient did not toleiate it 

The disadvantages of tieatment with penicillin are as follows first, theie is 
the high cost of the pioduct The molds fiom which it is pioduced must be 
grown in lathei large quantities, and the procedures of exti action and purification 
are expensive Howevei, the gieatest disadvantage of the treatment is the 
instability, of the compound Piepaiations of penicillin, at least in the foim of 
the fiee acid have to be sealed in high vacuum, since they are unstable in powder 
form undei ordinary conditions Aqueous solutions aie veiy unstable, and, in 
our expeiience, moie than half the activity is lost after twenty-four hours 
at room teinperatuie The third disadvantage is the rapid excietion of penicillin 
thiough the kidney, so that injections have to be given at mteivals of three to 
foui houis Chemically, penicillin is a rather stiong acid, which foims water- 
soluble salts This pioperty explains, in part at least, the low toxicity and the 
lapid excietion However, now theie is good leason to think that the lattei 
pioblem IS solved, as new deiivatives of penicillin have been prepared which aie 
not uatei soluble and which aie slowly hydiolyzed by the body enzymes 

Pei haps I should say a few words about the availability of penicillin, oi, 
lathei. Its nonavailability at present Ceitainly, less than 200 patients have been 
tieated m the United States in a peuod of one and a half to two yeais The com- 
mercial manufacture of penicillin is under government contiol, and only a limited 
amount of the substance is available, and then to a few selected clinics It is 
impel atne that the stiuctuie of penicillin be detei mined and that it be synthesized 
in the laboiatory, and I believe this can be done Theie is no question that 
penicillin is one of the most promising chemotherapeutic agents 

Dr Daniel B Kirby Certainly, one should not peimit an agent like 
penicillin to be dropped without making eveiy effoit to establish its use I 
behe\e Di Knapp had the oppoitunity to watch this expeiiment as it was cairied 
out pel haps he would like to comment 

Dr Arxold Knapp I am soir} that I cannot discuss Di von Sallmann’s 
adiniiable jiiesentation fiom the scientific point of view I lemembei, however, that 
he told me that injuries to the cornea had occurred in some of his experiments 
as this is of practical impoitance, I should like to ask Di von Sallmann to 
explain it 
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Dr Lud\mg von Sallmakn I -ttish to thank Di Meyei foi the valuable 
information presented in his discussion Although hope of the availabilit) of 
penicillin for geneial clinical use in the neai futuie seems slight, ophthalmologists 
aie in a somenhat better position, since onl 3 '^ about a hundredth of the average 
dose for a S 3 "Stemic infection is sufficient foi the complete couise of treatment of 
an ocular infection 

AVith legard to Dr Knapp’s question conceinmg corneal damage thiough 
tieatment with penicillin, it can he stated that in rabbits lepeated coineal baths 
ith a 0 25 per cent solution in five minute applications did not cause damage 
Neither did the lontophoretic mtioduction of a 0 1 per cent solution Hoveiei, 
lepeated lontophoretic applications of a 025 pei cent solution produced large 
erosions, which usually healed in several days without residual opacity of the 
coinea A 0 25 per cent solution, self instilled, did not cause an 3 '^ burning oi dis- 
comfort One patient treated lepeatedly A\ith coineal baths and houily instilla- 
tions of a 0 25 per cent solution did not show any harmful effect 

Topography of the Orbit with Particular Reference to Retrobulbar Injection 
Dr Robert Lambert and Dr Virginia Lubkin (by invitation) 

An anatomic study of tlie letrobulbai space is leported with several cioss sec- 
tions of normal specimens Fluids were injected into this space post mortem, 
with removal and section of the entire orbital contents Injections of 4 per cent 
procaine hydrochloride were made in vivo Of several approaches to the muscle 
cone the prefeired one is the infeiior tempoial The quantitj”^ of fluid wdiich most 
leliablj^ produces analgesia of the cornea and bulb and nearly complete nnmobilitv 
of the globe is 3 5 cc The first sign that the needle is in the muscle cone is 
dilatation of the pupil The full effect of the injection occurs m fifteen minutes 
and some anesthesia lasts about an hotii The pathways taken by the injected fluid 
aie carefully mapped The solutions diffuse without difficulty betw^een the muscles 
to the spaces outside the cone and thence fonvard to the lids They also enter 
the episcleral space through gaps in Tenon’s capsule around the entiance of the 
optic neive, and may flow forw'ard to produce chemosis This patlnvaj'- was con- 
firmed by the observation that the globe w^as stained posteiiorly in numerous cases 
of enucleation m w'hich the procaine given by retrobulbar injection w'as coloiecl 
with methjdene blue (methjdthionine chloride) A number of interesting phj^sio- 
logic effects, such as anesthesia of the optic nerve, paralysis of accommodation and 
changes in tension, are noted The lack of necessity of anesthetization of the ciliaiy 
ganglion itself is commented on 

DISCUSSION 

Dr Robert Lambert In discussing this Avork I should like to submit a Icaa 
sections and mention some piactical points 

The first section is intended to demonstiate Avhat one does not see in the oidi- 
nai y sagittal section of the orbit namely, an optic nerve nicely shoAvn Because of 
the torsion of the vessels and the nerves one rarely gets a continuous view of aiiA 
structure Therefore sagittal sections AA'ere discarded and cioss sections utilized 
In the second slide, at the apex of the orbit one encounters the mam branches of 
the ophthalmic arterj, which is in one of its turnings, and one sees it lateiallv on 
section The close proximity of the four muscles is shoAAm, with their enteimg 
nen^es and sti uctures The thickness of the A'agmal sheath is to be noted because 
under ordinal} circumstances it protects the optic nene from procaine oi otliei 
medicaments injected 

Proceeding forAAaid to about 1 cm m fiont of the orbital apex, one can see 
the cells of the ciliary ganglion, which is situated between the nerve and tlie 
external rectus muscle Still farther foiAAard, as the muscle cone AAidcns out, 
one sees the nerAC jiosterior to the jiomt AAhere the central retinal artei\ and 
Aein pierce the sheath The next slide sIioaas the point Avhere the cential 
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retinal vein is about to leave the iieive The leason that anesthetization of 
the ciliaiy ganglion is not vitally important is evident since most of the stiuc- 
tuies leading to the globe aie more exposed to in 3 ected substances just posteiioi 
to the globe In another slide, taken just behind the globe, the central letinal 
aiteiy and vein are present The vein is collapsed 

One can even elevate the tension in the eye by a small injection of fluid, which 
IS sufficient to compiess the thin-walled veins and 3 et not sufficient to comjiiess 
the heavy arteiies 

The following practical points may be stiessed Fust, ‘ ciliaiy ganglion block” 
should be discaided, and “muscle cone injection,” as suggested by Dr Walter 
Atkinson, Dr Rudolf Aebli and others, should be substituted We suggest that 
the contiol ovei tension pfioi to opeiation for glaucoma and othei surgical pio- 
cedures is chiefly accomplished by the use of epmephime in the injected fluid 
In the face of some contradictory eiidence from other ivoikers, I cannot posi- 
tively state that the tension cannot be lowered vuth piocaine alone, although we 
nevei succeeded in doing so Only the injections in which epmephime w^as added 
to the solution of procaine really low^ered the tension appieciably Contiol of the 
tension can be modified by the amount of epmephime in the fluid injected In 
my opinion, the time of injection has not been sufficiently emphasized In pie- 
opeiative injections into the muscle cone most of the effects of the injection take 
place Avhen the patient is back in his room If one makes the injection prioi to 
sciulibmg or about fifteen or tw'^enty minutes before ojieiation, one obtains the 
full effect, including the loss of muscle powei and complete paralysis of the eye 
One obtains almost complete ptosis, and the eye is stationary during the opeia- 
tion This, in my opinion, is a surgical advantage Lastly, I submit that by' 
a dnect approach to the circulation m this manner moie possibilities for the inves- 
tigation and tieatment of disease, particularly glaucoma, are affoided 

Dr Arnold Knapp Dr Lambert said that one is apt not to wait long enough 
befoie the operation to obtain complete anesthesia from a retrobulbar injection 
Such a delay, in my experience, leads to softening of the eyeball, which is not 
desirable, unless in the presence of glaucoma, and makes the selection of the proper 
interval difficult 

Dr Rudolp Albli Injection into the muscle cone was introduced by Di. 
Knapp in 1884 Dr Atkinson has reviewed the subject in his paper on local 
anesthesia in ophthalmology (Tt Am Ophfh Soc 32.399, 1934) In cases of 
extraction of cataract I like to make the injection just befoie I am leady^ to 
proceed with the section If one waits ten oi fifteen minutes aftei making the 
injection, the low tension frequently increases the difficulty of extraction 

What IS the cause of the hypotony^ Is rt due to constriction of the vessels 
01 to paralysis of the sensory neive, which may in some mannei influence the 
secretion of the aqueous from the columnar cells in the ciliary body^ 

Dr Daniel B Kirby I should like to have Di Lambert state how' many 
experiments weie done on the living subject, and wFat w^ere the indications for 
the experiments, if there w^as no particular reason for ophthalmic treatment, and 
how^ many of the specimens w^ere obtained from the cadaver 

Dr Robert Lambert Sixty experiments rvere done on the cadaver in order 
to determine exactly where the substance was introduced, and 65 experiments 
weie done on the living subject The essential purpose of the experiments ivas 
to study the influence of the injections on tension, but such variations weie 
obtained wuth diffeient sites of injection and different quantities of fluid that 
the need first of an accurate topographic technic is apparent 

In reply to Di Knapp’s statement, hypotony depends not only on the time 
oi injection but on the amount of epinephrine in the injected fluid the twm mn^r 
nnpoitant variables I know of at present 
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Bilateral Uveitis, Poliosis and Retinal Detachment with Recovery Report of 
a Case Dr Isadore Givner 


This paper Avas published in full in the September 1943 issue of the Archives, 
page 331 


DISCUSSION 


Dr Ludwig von Sallmann (by invitation) Di Givnei’s case of bilateral 

lueitis and poliosis, complicated by partial detachment of the retina and sec- 

ondar}'^ glaucoma, has received an extiemel)' thorough study The many methods 
applied indicate his thoughtful approach to the diagnostic pioblem, and they are 
to me most instructive and stimulating, since they demonstiate the A'^arious possi- 
bilities that must be kept in mind m an attempt to establish the etiologic diag- 
nosis Although most of these tests gave negative i esults, they serve as a remindei 
that such investigations should be made under similar conditions In suitable 
cases othei paits of the eye may be examined, and mouse biain studies may be 
indicated 

The second point of mteiest m Dr Givnei’s case concerns the classification 

In my opinion, it is not worth one’s effort to aigue on the closeness of the 

1 elation of such a bordeihne condition to Haiada’s disease or to the so-called 
Vogt-Koyanagi syndrome, since the etiologic factois and the specific tieatinent 
are not determined, but a disoidei characterized by bilateral uveitis, scleritis and 
localized detachment of the retina, without meningeal symptoms, should not be 
diagnosed as Harada’s disease as has been done lepeatedly in the hteratuie It 
vould be interesting to hear Dr Givnei’s opinion on this point of classification 

Dr Andrew Rados Newark N J Harada’s disease, described fiist in 1926 , 
IS an interesting and distinct entity Clinically, the disorder has specific pathologic 
changes It is always bilateral nevei unilateial, in contradistinction to the con- 
ditions associated with scleiitis and other diseases resulting in inflanimatoiy 
detachment of the letina, in wdiich it is always unilateral Harada’s disease is 
closely related to the Vogt-Koyanagi syndrome, in both instances the condition 
is ahvays bilateial and is accompanied b}'^ S3'stemic changes Furthermore, the 
clinical picture is charactei istically so seveie that recovery in the majority of cases 
IS all the more surpiising 

Furtheimore, the specificit}" of the ophthalmoscopic picture after the lueitis 
has cleaied is of interest Piohfeiation of pigment and depigmentation is not 
so conspicuous m any othei type of uveitis 

The etiologic factors are not knowm Whether Harada’s disease is a A^ariety 
of the V ogt-Ko)'anagi S3mdrome has not been settled The literature tends tow^ard 
a duahstic point of view^ In cases of Vogt-Ko3^anagi disease the uveitis itself 
is alw a3's more serious in the antei lor segment of the 03 e , in cases of Harada’s 
disease the antei lor segment of the e3'^e is usually fiee of S3nnptoms. or the3’- are 
slight There are cases of Harada’s disease in which no lesions of the anterioi 
segment or only few keratotic deposits aie appaient m the beginning In cases 
ot Haiada’s disease poliosis and alopecia ma3'- be present but are raie wdiereas 
in cases of Vogt-Koyanagi syndrome bilateral uveitis, poliosis and alopecia exist, 
and vitiligo and d3sacousia ma3’- be piesent, but not in all instances With the 
Vogt-Ko3’^anagi S3ndrome, the aforementioned changes m the integument and ban 
not only aie present but are usuall3' bilateral, on the other hand, with Harada’s 
disease the\ are usually missing, but uveitis, A\ith the simultaneous detachment 
of the retina in both e3'es, is present 

The histologic changes are not Aiell known I should like to show' Uvo slides 
One IS from a case of Vogt-Ko3 anagi disease in wdncli enucleation Avas finall3 
done, in the upper part of the slide the normal retina and the tremendous infil- 
tiation of the choroid appear In onK tAAO other conditions is the degree of choroidal 
infiltiation of equal seAent3 — one is S 3 mpathetic ophthalmia and the other leuke- 
mia In the inajoritA of sections the infiltration consists almost solely of plasma 
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cells. Choroiditis with infiltration of plasma cells may indicate only the piesence 
of an acute inflammation and is not necessarily a specific type of choroiditis, although 
choroiditis with the cellulai elements entirely of the plasma cell type is never seen 

The high magnification in the second slide shows well the individual plasma 
cells forming the mfiltiation If it is consideied that the Vogt-Koyanagi syn- 
diome and Harada’s disease belong to the same group as sympathetic ophthalmia, 
as IS lepeatedly stated m the liteiatuie, no point of siinilaiity except the severity 
of the inflammation is appaient Sympathetic ophthalmia is one of the most seveie 
forms of uveal inflammation Di von Sallinann hesitated to classify Haiada’s dis- 
ease as a separate entity because of lack of knowledge of its cause and treatment 
The cause of sympathetic ophthalmia is not established either , nevertheless, it has 
been difiteientiated as a disease entity 

The cause of Haiada’s disease is unknown Tuberculosis and virus infection 
have been suggested There is only 1 case m which consanguinity was mentioned, 
that of Zentmayei That a disease of such severity, and one in which bilateral 
detachment of the letina has occurred, should ever be cured spontaneously is unusual 
and IS contrary to what happens in other types of uveitis 
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Reconstructive Surgery of the Eyelids By Wendell L Hughes Price, $4 
Pp 160, with 198 illustiations St Louis The C V Mosby Company, 1943 

In this monogiaph the authoi presents a comprehensive review of the historical 
background of plastic surgery of the eyelids The Hist chapter, which is devoted 
to the early development of skin grafting, contains much A'^aluable information and 
gives the reader a clear conception of the progressive steps through which 
the reconstiuctive suigery of the e3'ehds has passed 

The problem of grafting without a pedicle is then considered in a similai manner 
vith an interesting lesume of the hteratuie Two case reports are given to 
illustrate the technic advocated by Wheeler of the use of a full thickness giaft 
trom one ejehd to anothei The vaiiations in types of pedicle grafts are dis- 
cussed, as is the use of split skin grafts A biief description of the sources 
of skin used for grafting is included m the chapter devoted to the operative 
technic, m which the authoi coirectly emphasizes the importance of attention to 
such details as pieparation of the skin to be giafted and pressure diessings 
The technic of the use of buccal mucous membrane to replace the conjunctival 
layer is given, as are some of the older methods of reconsti uction of the tarsus 
The authoi then reports m detail his method of reconstruction of the lowei lid 
In this operation the uppei lid is split, and its taisus and conjunctiva are used to 
line the new-fonned lower lid, the skin layer of which is foimed by undermining of 
the skill of the cheek Several illustrative case leports with photographs demon- 
strate the efficiency of this technic The fieedom fiom additional scars, togethei 
with the noimal function and excellent appearance of the newly created Iid, 
makes this the method of choice when total reconstruction of the lower lid is 
necessarj' 

This volume is replete with illustrations, many of which are excellent, while 

others are poor The case reports scattered throughout the book add little to its 

value The complete bibliography, vith its list of 451 references coveimg all 

phases of the subject, greatly increases the worth of the book 

It is to be recommended to all ophthalmologists, and paiticularly to those 

inteiested m plastic surger} ^ ^ 

^ j H Dunnington 

The Extra-Ocular Muscles An Outline By Wendell L Hughes, MD Second 
edition Paper Price $2 Pp 32 New York Printed privately, 1939 

This short pamphlet, being in outline foim, is not easy reading, yet it contains 
an amazing amount ot factual material, wliicli probably cannot be found in any 
current textbook Onl}'^ one serious omission is noted Under “Orthoptic Tiaimng,” 
exercises for development of fusion m cases of alternating and monocular strabismus 
are gi\en in considerable detail, ^\lthout any mention of abnormal retinal cor- 

lespondence Apparentl)", the author was unaware of the disastrous results that 

are almost inevitable vhen exercises are undertaken ^\lthout due consideration of 
the retinal correspondence Such an omission is legrettable m a work that is 
others ise sound 

Possibly the authoi belie\ed that the co^er test for diagnosis of a muscle 
anomaly has been so videly accepted that it needed only to be named Unfor- 
tunately this IS not true, and by describing other tests in detail he has failed 
to give tlie coier test its proper emphasis To find tenotomy of a rectus muscle 
given as an operation of choice or e\en as a possibility, is an unpleasant surprise 
\\ ith these few exceptions, this outline is, in my opinion, the best available sun^ey 
of the better present da) teachings concerning the extraocular muscles Because 

704 



BOOK REVIEWS 


705 


of its bievity and its disconnected foini the ^^olk does not fill the gieat need of 
the beginnei hut it should seive as a valuahle lefeience and as an excellent 

leview of the subject ^010 

Persons who wish to secuie the pamphlet may apply to Ja'Iis otewait, Zio 

Second Avenue, New Yoik Eye & Eai Iiifiimaiy, Neu Yoik 

Maynard Wheeler 

Vertebrate Photoreceptors By Samuel R Detwiler One of a series of Expeii- 
mental Biology Monogiaphs Cloth Pi ice, $4 Pp 184, with index and 
110 figures New Yoik The Macmillan Company, 1943 

Fiom time to tune a hook appears that contains precise technical information, 
piesented so simply, clearly and interestingly that it makes good leading foi 
professional and lay student alike Such is this latest publication m the senes 
of "Expel imental Biological Monogiaphs” Although some attention is paid to 
the retina as a whole, it is the visual cells and letinal pigment that receive majoi 
attention 

Aftei a piehminaiy chapter on the vertebrate eye as a unit, the organization 
of the retina is described , here the readei may obtain a digest of the far 1 eaching 
and 1 evolutionary concept of Polyak concerning the types of neurons encountered 
m the primate letina, their synaptic relations and the paths taken by retinal 
impulses Succeeding chapters deal adequatel}’- with the development of retinal 
elements and the structure of visual cells and contain a discussion of the basis 
foi identification of rods and cones m then moie aberiant forms 

Fiom this point on, the tieatment shifts fioni purely morphologic considei ations 
to a discussion of functional corielations and interpretations In rapid sequence 
are presented the coiielations between letinal structure and animal habits, the 
nature and degree of the positional changes through which the rods, cones 
and pigment of some veitebrates lespond to such stimulating agents as light 
and temperature, and the significance of photomechanical changes, especially m 
legal d to the duplicity theory 

The latei chapteis doubtless hold the greatest mteiest and value to the ophthal- 
mologist Two chapteis are devoted to the arrangements by which visual acuity 
is attained, especially the significance of the fovea The con elation between foveal 
development and the ability to peifoim extensive ocular movements is accepted, 
but the author concludes that conjugate movements, binocular vision and partial 
decussation of the optic tracts are not necessaiily implied He also demuis against 
Elliot Smith’s view that the presence of a macula has led to impoitant evolutionary 
advances m the portions of the biaiii concerned with vision Walls’s lecent inter - 
pietation of the tovea as a mechanism foi enhancing the resolving power of the 
letina, not for meie optical thinness and homogeneity, is given sympathetic con- 
sidei ation This theory of Walls is one that cannot be ignored by any serious 
student who is concerned with the eye as an optical instrument 

Tuo final chapters centei about the retinal photopigments The background 
is painted through an exposition of the properties of rhodopsin and the less 
famihai porphyropsin of the lod and lodopsin of the cone The relations of these 
carotenoid derivatives to the A vitamins (as both precursor substances and 
decomposition pioducts) are reviewed on the basis of Wald’s recent, important 
disclosuies The author identifies the Kolmer droplets seen abundantly alongside 
dark-adapted rods, as letmene — the decomposition product intermediate between 
vitamin A and visual purple In conclusion, there is a timely digest of the 
dependence of vision on vitamin A, of the effect of its deficiency on physiologic 
thresholds (night blindness), of the breakdown of rods following prolonged 
avitaminosis A and of the capacity of the rods for repair after a leturn to an adequate 
diet ^ 

Ihis monograph carries 110 excellent illustrations, several extensive tables 
a recapitulation, a valuable bibliography, against which textual statements mav 
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be checked, and both an adequate author and an adequate subject index It contain'; 
some original data, of use as source material to the specialist Ophthalmologists and 
all others interested in the retina aie placed in heav};- debt to Piofessoi Detwiler for 
having produced a stimulating and authontative book in a field that has been both 
enlarged and quickened through his own investigative activities 

L B Arey 


Rehabilitation of the War Injured A Symposium Edited by William Brovn 
Doherty, M D , and Dag^obert D Runes, Ph D Price, $10 Pp 684 Nev 
York New York Philosophical Librarj^, Inc . 1943 


This volume is compiised of a senes of articles by some fifty authois dealing 
with Aarious phases of rehabilitation of those injured m the -wai The matenal is 
divided into seven sections viz , neurology and psychiatry , reconsti uctive and 
plastic surgeiy, oithopedics, physical therapy, occupational therapy and vocational 
guidance, legal aspects of rehabilitation, and miscellaneous subjects 

In the section devoted to plastic and reconstructive surgery the articles ot 
greatest ophthalmologic interest include a description by Wendell L Hughes 
of his ingenious method of lebuilding the lower hd and a short discussion by Di 
William B Doherty on orbital implants Both these papers were previously 
published in the Archives and are well known to most ophthalmologists The 
Hughes operation has stood the test of time and can be recommended The use 
of vitallium spheies foi orbital implantation, as suggested by Doherty, is also 
woithy of further trial “Practical Uses of the Tubed Pedicle Flap” is ably dis- 
cussed by Sii Harold Gillies in an article replete w’lth illustrations and concluding 
wdth a table of “conditions m which a tubed flap is prefeiable to a free graft” 
Several other papers included in this section should prove inteiesting and of 
value to ophthalmologists doing plastic surgery The othei articles dealing with 
ophthalmologic subjects are found in the section on occupational theiapj;^ and 
\ocational guidance R C Davenport outlines the i ehabilitation of patients wntli 
nonrecoverable injuries of the eye and stresses the advisability of eaily treatment 
and individual caie Lady Duke-Elder considers the i ehabilitation of patients 
with recoverable injuries of the eye, placing proper emphasis on the need foi 
rapid lestoration of physical fitness and the use of exercises well wuthin the limits 
of the visual capacity of the patient 

This book, with its many authors, necessarily lacks continuity of style, nevei- 
theless it contains many helpful suggestions to those interested m rehabilitation of 
the w^ar injured Some of the articles and illustrations aie pool, others are ven 
good It IS this lack of uniformit)- that detracts from an otherwise excellent 


symposium 


John H Dunnixgtox 
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VISUAL FUNCTIONS IN STREPHOSYMBOLIA 
SAMUEL T. ORTON, MD 

NEW YORK 

Children who make little or no progress in learning to read during their first 
two or three years in school quite naturally are often referred to the ophthalmologist, 
and some of them undoubtedly need corrective lenses However, many, if not the 
majority, of them have adequate vision and in reality present neurologic problems 
One owes a considerable debt to two English ophthalmologists — Morgan, who 
described the first case of congenital word blindness in 1896, and Hinschelwood, 
who published a small monograph on this subject in 1917 In his report Hinschel- 
wood included several cases of acquired word blindness, as well as a group of the 
congenital type, and emphasized the striking parallelism between them ; because of 
this likeness, he ascribed the occurrence of the syndrome in children to a failure 
of development of the cerebral cortex m the neighborhood of the angular gyrus 
In 1926 I studied several cases of delay m learning to read and was struck by 
the inability of the children to differentiate “b” and “d" and "p’’ and *‘q’' and their 
tendency to read many words from right to left, instead of in the usud direction, 
which led to uncertainty in their distinguishing such words as “was” and “saw” 
and “on” and “no ” I found, also, that some of them showed an unexpected facility 
in reading mirrored print and that some also had a native skill in producing 
mirror writing To account for these observations and to bring the whole syndrome 
into better consonance with advancing neurologic views concerning cerebral locali- 
zation, I offered the theory that the condition in these cases was not the result of 
a pathologic factor, such as Hmschelwood’s cortical agenesis, but a physiologic 
deviation due to failure of aquisition of the normal adult pattern of complete 
dominance of one hemisphere of the brain 

In cases of loss of acquired visual functions, three distinct steps, or levels, of 
elaboration in the brain can be recognized The first permits only the seeing of 
objects of the environment but does not tell the meaning of the things seen; the 
second adds the meaning of objects, maps, pictures, etc , but it requires a third 
step — or relay — to permit the reading of words These three steps are recognized 
by neurologists in the three clinical syndromes of cortical blindness, mind blindness 
and word blindness It is generally believed that it is only at the third level that 
the principle of unilateral dominance applies, and there are reasons for believing 
that at this level the records, or engrams, m the two hemispheres of the brain are 
opposite m sign, or antitropic, to each other and that one engram must be elided 
to prevent confusion This elision of the engram of the nondominant hemisphere 
seems to occur only at the third, or mnemonic level, since only here does a unilateral 

Read at a meeting of the New York Academy of Medicine, Section of Ophthalmology, on 
Feb 15, 1943 

The Rockefeller Foundation is furnishing aid for the research program on which this work 
IS in part based 
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lesion completely destroy function, as can be seen in cases of acquired alexia Learn- 
ing to read, therefore, according to this envisagement, entails the elision of one of 
the two antitropic lecoids, or engrains, and faulty or incomplete elision would 
result in uncertainty in mnemonic recall of orientation and progression, such as 
is seen in children with congenital word blindness 

It should be remembered that these reversals of form and direction are to be 
seen best during the first few yeais of learning to read, and that after continued 
exposure they largely disappear, although frequently in an older child the tendency 
to reverse can be demonstrated by using unfamiliar letter combinations, such as 
nonsense syllables The confused memoiy patterns which interfere with recogni- 


TO dictation 


1 




TO DICTATION 


< ft - ^ 


3 , 







cpTNa 
a)co^ oxjjveo 


pro. '43 


Fig 1—A, tracing of the handwriting of an 11 year old girl, written to dictation with her 
right hand, F, a tracing of her mirror writing, also made with her right hand, after only two 
or three trials of this procedure, and C, a tracing of B reversed by printing through the back 
of a negative, so that the product can be more readilj-^ compared with A 


tion in reading are also to be seen in the same children when they attempt to spell, 
and reversals in spelling persist after the child has learned to read The most 
striking evidence of antitropism comes fiom some persons with special writing 
disability, in whom skill in mirror writing lies doimant and unsuspected One 
of my patients who could not learn to write legibly in the common, or dextiad, 
direction could produce creditable mirrored script with the first attempt at simstrad 
progression 

This physiologic theory offers a much more favorable prognosis than did its 
predecessor, and the work of my associates and nnself in letrammg, as well as 
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extended observations during the last eighteen 3 ^ears, has, I believe, substantiated it. 
As desciiptive of this syndrome in cases of leading and spelling disability I offered 
the term “strephosymbolia,” or “twisted symbols,” as being less misleading^ 
especially to the layman, than the older term “congenital word blindness ” To the 
neurologist the term “word blindness” means a loss or lack of the ability to lecogmze 
uoids although vision may be intact, but to the layman the term infeis an inability 
to see Moieover, I believe this disorder is hereditary rathei than congenital, 
and I much piefer to call it developmental than either congenital or hereditary 

One of the visual functions which is often discussed in connection with leading: 
IS that of eyedness There is a common misconception that the eye selected for 
sighting — the master eye — is the eye with the better vision This is not always 
tiue As an example, 1 of my patients wore a + 2 00 D sphere and a 1 00 D. 
cylinder for his right eye, while for his left eye a -f- 1 25 D sphere and a 0 50 D. 
cylinder was prescribed In spite of the greater errors m his right eye, he used this, 
eye consistently for sighting The master eye is usually on the same side as the 
master hand, but cioss preferences in either direction aie to be found Sighting 
is a function of the extrinsic ocular muscles, which act to bring the object observed, 
the pupil and the fovea centralis into line These muscles are of the striated, oi 
voluntary, type and are undei the control of the motor centers of the biain adjacent 
to those which control handedness It is possible that the right or left homonymous , 
parts of the peripheral portion of the retina might have a superior equipment and 
so determine the eye most apt to be attracted to a distant object and thus fix the 
eyedness in early infancy before bmoculai fusion has begun However, the fre- 
quency with which left eyedness and ambioculanty occurs in families m which 
there is also a preference for the left hand m some members leads me to the belief 
that eyedness is dependent on hereditary factors which govern the choice It must 
be noted, however, that the many crossed patterns of eyedness and handedness 
would imply separate hereditary factors for the areas of the brain which control the 
eyes and those which control the arm 

The handedness pattern is open to much greater environmental influence than 
IS ej'edness, although theie is evidence that the native eyedness pattern can be 
shifted also Shooting a rifle was the factor in 1 such case, and my colleagues and 
I have observed children m whom a spontaneous shift from the left to the right 
eye has been noted in repeated examinations over a period of years Some left-eyed, 
persons can aim a rifle with the right eye only if the left eye is closed, or covered, 
while right-eyed peisons usually learn to disregaid the image in the left, or non- 
dominant, eye and can aim a rifle with both eyes open In the case of a shotgun the 
situation IS different, since without sights on the gun it may be aimed with the left 
eye A prion, one might think that m aiming at a distance this would be a 
negligible factor, but that it does influence the accuracy of aim is lecognized by gun- 
smiths, who build special stocks with a slight offset for those who shoot from the 
light shoulder but aim with the left eye Accuracy in the use of a shotgun is said 
to be much unproved by this procedure, and the same principle may apply in certain 
types of machine guns 

Some of the simpler tests of eyedness are not entirely trustworthy when used 
alone, and as a consequence mj’- associates and I make use of a battery of tests to 
determine eyedness In this connection xt is interesting to note that the manoptoscope 
devised by Parsons , in our experience, frequentl}^ gives results out of harmonj^ with 
tiose of other tests Parsons used this instiument in his examinations on which he 
ased his conclusion that left eyedness is evidence that a given child was originally 
intended to be left handed and, fuither, that eyedness determines which side of 
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the brain shall be the dominant one He held that when left eyedness is found m a 
right-handed person it is evidence that training has influenced the handedness pattern 
and that the right-handed pattern is implanted in many naturally left-sided children 
because the right hand is used habitually by so large a proportion of both mothers 
and teachers However, we have seen a number of left-handed children who are 
right eyed, whereas training right-handed children to use the left hand, either 
purposively or accidentally, is rare Many persons, moreover, are neither definitively 
right eyed nor left eyed, and may be teimed “ambiocular ” 

In 102 patients with reading disabilities whose records I have recently reviewed, 
the following distribution of eyedness patterns was found right eyedness, 40 
patients , left eyedness, 37 patients, and ambiocularity, 25 patients 

The left-eyed and the ambiocular persons together numbered 62, as against 
40 who were right eyed — obviously a much higher proportion than one would 
expect in the population at large C3f the 40 patients who were right eyed, 12 were 
either left handed or had mixed right-handed and left-handed habits Of the 37 
who were left eyed, only 5 were left handed, but 17 showed a mixture of handedness 
patterns or gave a history of having been shifted to right handedness in childhood 
Of the whole group of 102, 69 showed a crossed or mixed pattern of handed- 
ness and eyedness, and 83 gave a family history of left handedness oi of language 
disorders 

My interpretation of these results is that left eyedness is not the cause of the 
reading disability but rather indicates that there is present in these persons a 
tendency toward use of the right hemisphere of the brain, i e , left sidedness 
This tendency may or may not involve those parts of the brain which are of primary 
importance in reading The symptoms seen in the left-eyed and m the ambioculai 
patients do not dififer from those seen in the right-eyed persons, and while covering 
the eye might lead to a change in eyedness, one would not expect any influence 
on the higher centers of the brain which are involved in strephosymbolia Each 
macula is connected with both calcarine areas, and Sherrington’s flicker experi- 
ments demonstrated that functionally the two eyes are interchangeable, it would 
seem therefore to make no difference which eye is used for sighting, since the image 
from either eye is probably relayed to the higher centers on both sides 

A second group of visual functions which is to be considered in connection with 
the reading disability includes the various refractive errors There is no question 
that serious refractive disorders will interfere with reading, but many persons with 
minor degrees of myopia, hyperopia and astigmatism learn to read easily More- 
over, many persons with reading disability have normal refraction When more 
serious errors are present, not only does their correction with appropriate lenses 
fail to enable the child with strephosymbolia to read without special instruction but 
even while he is wearing such lenses such a child exhibits the same errors of orienta- 
tion and progression as do other children with strephosymbolia This is, I believe, 
what one would expect on theoretic grounds I have already mentioned the 
tendency to reversals in the mnemonic lecall of previous exposuies to the word, 
which must be used in order that it be i ecognized when it is presented again This 
point is often difficult for the layman to grasp, since recognition of a word at sight 
seems to be simultaneous with seeing it This, of course, is because the trans- 
mission of nerv^e impulses from the arrival platform to the region of the angular gyrus 
is too rapid to be registered m consciousness The existence of a special zone of 
the cortex of primary importance in the function of word recognition is, however, 
clearly demonstrated in cases of acquired alexia, in which selective loss of the 
ability to read occurs without loss of the ability to see or of the capacity to 



ORTON— VISUAL FUNCTIONS IN STREPHOSYMBOLIA 711 

recognize objects, diagrams, maps, etc These last functions are sometimes dis- 
turbed in cases of large occipital lesions which have involved the rest of the occipital 
cortex of both hemispheres, and acquired alexia is rarely, if ever, pure A 
homonjntnous hemianopsia is frequent, but acquired hemianopsia can occur without 
alexia, and alexia is combined with it only when it involves the master hemisphere 
and when the lesion extends far enough forward to cut both the homolateral path 
from the calcarine cortex to the region of the angular gyrus and the heterolateral 
path from the opposite calcarine cortex by way of the corpus callosum (sub- 
cortical word blindness of Dejerine) This, again, demonstrates the adequacy 
of one hemisphere, since a lesion which cuts only the homolateral pathway does 
not cause alexia even though it is in the master hemisphere While hemianopsia 
IS the most common complicating picture, other symptoms, such as agraphia and 
vaiying degrees of aphasia, are also often found, indeed, in the acquired case pure 
alexia is so rare that some neurologists have questioned its occurrence Persons 
with strephosymbolia, on the other hand, often show the alexia syndrome m 
exquisite purity Handwriting may or may not be affected, and when it is not, 
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Fig 2 — Carbon paper tracing of the writing of a 21 year old patient with strephosymbolia, 
showing the contrast between copying and writing to dictation (see “Addendum”) 


an illuminative demonstration of the mnemonic character of the disturbance and 
the adequacy of vision can be made by comparing the child’s ability to copy accurately 
with the errors he makes m attempts to read or to write to dictation In both these 
processes he calls on his visual memory, and in both he makes the typical errors of 
reversal It is difficult to see how reading “was” for “saw,” “ratshin” for “tarnish” 
or “astrep” for “repast,” or how writing “ti” for “it” or “stpo” for “stop” could 
result from any lefi active error 

The foregoing comments may, I think, be applied equally well to the heter- 
ophorias 

In a case in my experience, the diagnosis of hyperphoria was made at about the same time 
that I first saw the boy, when he was 11 years of age, but his family did not follow the 
ophthalmologist’s advice and neither glasses nor treatment was provided The boy had been 
in school most of the five preceding years, and while he did not have a very good basic equip- 
ment, he nevertheless had a mental age of 9 years when he was first seen and should have been 
able to read at the third or fourth grade level He manifested, however, definite strepho- 
symboha, and his reading and spelling abilities were below the first grade norms An intensive 
course of phonic retraining was instituted, after two and a half years of this treatment he had 
gained about a fifth grade skill in silent reading, and his oral reading and spelling were at 
about the fourth grade level At this time he was seen by Dr Conrad Berens, who found 
exophona of 8 prism diopters and right hyperphoria of 1 prism diopter at 25 cm The gain 
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in reading previously recorded had, however, taken place before treatment for his heterophoria 
was begun 

In another case, that of a boy seen recently in Philadelphia, a diagnosis of exophoria vas 
made, and sight reading methods were recommended, with definite prohibition of the phonic 
training which has been found so serviceable in retraining persons with strephosymbolia This 
boy’s father and paternal grandfather were left handed, and his mother had been a poor student, 
although we were unable to determine whether or not this had been due to a reading dis- 
ability The boy himself definitely favored his right hand in almost all activities but was left 
footed and left eyed He was 12 years old and had been in school the usual period of years 
Psychometric examinations by a battery of tests gave mental age ratings varying all the way 
from 9 years 7 months to 13 years 2 months Er'en at the lowest of these ratings, he should 
have been able to read at third or fourth grade levels, but his reading achievement was that 
of a very low first grade level He copied a second grade paragraph without eriors, but he 
misread “left” as “felt,” “was” as “saw,” “on” as “no,” “nip” as “pen” and “ton” as “not” 
In attempting to spell to dictation a column of simple words, he wrote “ol” for “low,” “sa” 
for “ask,” “egt” for “get,” “bolg” for “belong” and “awy” for “way” When he was asked 
to read a simple paragraph printed in mirrored type, he accomplished this almost as rapidly 
as he read the ordinary print, whereas a boy of his age who had gained normal reading skills 
would require at least ten times as long for the mirrored passage At the time of these 
examinations he was wearing the glasses prescribed for him by the ophthalmologist, who 
advised the sight reading teaching and interdicted the phonic training I believe that with 
continuance of that proceeding the boy’s directional confusion will persist and that he can be 
taught to maintain consistent dextrad progression only by phonic training and dextrad analysis 
and synthesis of words from their phonic equivalents 


I am not personally familiar with the aniseikonic disturbances, but I understand 
from others that patients with such disorders are by no means all nomeadeis, nor 
do the nonreaders all show that disorder ^ 

Much attention has been paid to vacillating movements of the eyes, and while 
bad habits m this regard might easily interfere with easy and fluent reading, it is 
also obvious that such a boy as the one last mentioned would scan a woid from 
either direction in his confusion as to which way it should be read and would theie- 
fore exhibit back and forth movements of the eyes as the result of his unceitamh 
as to direction Moreover, such vacillating movements would scarcely account 
for the confusion such children show between single letters, such as “b” and “d" 
and "p” and “q,” or for the facility in reading mirrored print, m which constant 
sinistrad progress rather than alternating ocular movements is required 

Finall}'-, the data we have assembled from the study of left handedness and of 
various language difficulties m the family stock of children who have a specific 
disability in learning to read and show the strephosymbolia syndiome give what 
to me IS convincing evidence that such children represent intergrades between 
right-sided and left-sided familial tendencies and that the reading disability follows 
fairly definite hereditary trends In this connection it is interesting to note that 
the reading disability and other language disoi ders are much more frequent in boys 
than in girls In the current sample of 102 patients, 84 were boys and IS girls 
About the same distribution occurs for stuttering In families with this disturbance 
there are also more than the expected number of left-handed members and persons 
with delayed speech, stuttering, reading, writing and spelling disabilities, and 
abnormal clumsiness (developmental apraxia) In the childhood histones of chil- 
dren who come to attention as presenting reading and spelling problems we not 
infrequently find indications of developmental deviations in their acquisition of 
speech and motor patterns which bear out the belief expressed herein that the 
strephosymbolia syndrome can best be explained on the basis of confused cerebral 
dominance rather than of abnormal vision 

1 Imus, H A , Rothnej, J W kl , and Bear, R M An Evaluation of Visual Factors 
m Reading, Hanover, N H, Dartmouth College Publications, IPIS 
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Addendum — After this paper was presented at the meeting of the academy, 
but before it was completed foi publication, I studied the case of a man aged 21 
with the strephosymbolia syndrome who, in spite of having served time through 
eight grades of the public schools in New York state, had acquired less than first 
giade reading skill Figure 2 shows (1) his ability to copy from print into script, 
demonstrating that there was no agraphia, and (2) his floundering efforts to write 
from dictation This contrast demonstrates clearly that the confusion lies m the 
mnemonic recall and not in visual distortions This patient is now being given 
remedial instruction, and his eyes are being studied by Dr Conrad Berens A 
complete report of this case, together with the results of the remedial work and 
of Dr Beren’s study, will be published later 

12 East Eighty-Sixth Street 

DISCUSSION 

Dr Conrad Berens I am sure that any one who has studied children with 
reading difficulties with or without motor anomalies and refractive errors must 
agree with Dr Orton that the neuropsychologic aspects are most important and 
that ceiebral dominance must be considered in all cases, whether or not motor 
anomalies and refractive errors can be demonstrated In another paper by Dr 
Orton, he said that strephosymbolia was a factor in 10 per cent of cases , it would 
be interesting to learn whether this is his opinion now I have studied the history 
of 37 patients with reading disabilities and found 2 with a definite history of 
leversals Four patients had crossed dominance Four had convergence excess, 
4 convergence insufficiency, 2 divergence insufficiency and 1 divergence excess 
Hyperphoria, present in each, varied in degree All the patients had third grade 
fusion It was my impression that the motor anomalies and refractive errors 
of only 60 per cent were important 

There seems to be no question that the problem of conflict in cerebral dominance 
IS important At the same time, conflict in ocular dominance, for example a 
tendency to suppress the image of one eye or to suppress the images of the two 
eyes alternately in an attempt to maintain fusion, should also receive attention in 
this discussion To my mind, it would be difficult to say in some cases whether 
the cerebral conflict produced by cerebral dominance is more important than the 
ocular conflict, which naturally has a cerebral conflict superimposed It is not 
always easy to exclude certain motor anomalies, and there is no question that the 
oidinary tests of visual acuity and the usual tests for muscular imbalance may be 
insufficient without the Maddox rod test and the screen test with the eyes in the 
caidinai positions of gaze In some cases the Marlow occlusion test seems to be 
iiecessar}^ for diagnosis, it is necessary particularly m cases of corrected aniso- 
metropia in which there are associated reading difficulties There is a certain 
amount of cerebral confusion when the patient attempts to fuse visual patterns of 
different size or quality, and it may be difficult for him to close one eye I have 
found that other methods of excluding one eye m reading are often unsatisfactory 
Dr Orton said that 1 patient selected the eye with the higher refractive error 
as the master eye, but he did not record the visual acuity, so that it is hard 
for me to determine whether this patient’s vision was poor in the right eye I 
think that it is generally conceded among ophthalmologists that patients usually 
select the eye with the better visual acuity as the master eye, although motor 
anomalies, ref i active errors and hand dominance must play some part 

Di Orton’s suggestion that hereditary factors are associated with eyedness may 
well be the truth in the light of what is known of hereditary ocular difficulties 
especially visual and motor anomalies, and the tendency for these defects to be 
found in certain families 
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As to Dr Orton’s observation that dominance may be shifted from one eye to 
the other, I have seen this in several cases in which not only squint but amblyopia 
and the scotoma of amblyopia have been transferred from one to the other eye 

There certainly is no question that ocular dominance plays a part in shooting 
It .IS especially important in the aiming of a rifle or shotgun with both eyes open 

I agree with Dr Orton that one should use several tests for the determination 
of eyedness I have constructed a screen with a 1 cm perforation to be held at 
arm’s length with both hands and found it fairly accurate The finger point test 
with the right and the left index finger is useful MacDonald’s idea of placing 
a bent rod at the end of a head band so that the arm and hand will not be brought 
into the picture when the sighting eye is being determined is worthy of further 
study This test is possibly more accurate for determining the master eye I 
studied the master eye in relation to the landing of airplanes in the last war, and 
my finding was similar to Dr Orton’s, that — if the tests used were valid — a certain 
number of persons are ambiocular 

Dr Orton’s interpretation of eyedness seems logical when he says "Left- 
eyedness is not the cause of the reading disability but rather is to be looked on 
as indicating that there is a tendency toward use of the right hemisphere of the 
brain This tendency may or may not involve those parts of the brain which are 
of primary importance in reading ” According to his illuminating interpretation, 
covering one eye and forcing use of the other would not interfere with the higher 
brain centers in “strephosymboha ” 

Dr Orton’s observation concerning refractive errors is of great interest 
1 am sure that many ophthalmologists have seen patients with high refractive errors 
who were able to read rapidly One also sees patients who have no appreciable 
errors of refraction or motor anomalies demonstrable by the tests usually employed 
who are handicapped in their ability to read Many of the poor readers I have 
seen who have had fusion disabilities and were referred for examination for this 
reason either had only minor errors of refraction or a low degree of heterophoria 
In my experience, anomalies of accommodation, especially anisoaccommodation 
and rapid fatigue of accommodation, have interfered more with the function of 
reading than low degrees of heterophoria and ametropia The patient (13 years 
of age) with hyperphoria referred to me by Dr Orton whose reading ability was 
improved by his phonetic training had 1 75 prism diopters of right hyperphoria 
with the Maddox rod and 3 5 prism diopters of right hyperphoria and 4 5 prism 
diopters of exophoria after the Marlow occlusion test The hyperphona was less 
with the eyes in the reading position, and only 1 5 prism diopters of right hyper- 
phoria at 25 cm was measured after the Marlow occlusion test The accommo- 
dation was remote for the patient’s age, 150 to 300 mm, and it fatigued in ten 
minutes with the right eye and in six minutes with the left eye with several rests 
The near point of convergence was 90 mm at the first examination After two 
months of fusion training this was 45 mm and the prism convergence had improved 
from 12 to 20 prism diopters 

What bearing the heterophoria and dysaccommodation may have had on the 
reading disability is difficult to evaluate without a knowledge of the original findings 
and without a reading test of each eye separately and of the two eyes together 
One should also know what the ocular movements showed while the patient was 
reading and whether the hyperphona became more evident when he became fatigued, 
as it has been shown to do in certain patients subjected to anoxemia tests The 
bearing of the allergic condition and the general physical condition is hard to 
evaluate from the data presented 

Dr Orton’s concept of difficulties of orientation as caused by strephosymboha 
seems to be logical and is the best explanation for reversal in mnemonic recall 
of previous exposures to a word that I know of, and his reference to the special 
zone of the cortex affected in acquired alexia has certainly been amply demon- 
strated pathologically The fact that this difficulty is confined to reading, -without 
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affecting the recognition of objects, is apparently more than suggestive How- 
ever, I know of no pathologic studies in congenital alexia, and I should like to 

know whether Dr Orton is aware of any , , r 4.u ^ 

He certainly clarified the findings in hemianopsia for me, and the fact that the 
picture is usually complicated if the strephosymbolic patient shows pure alexia 

is most illuminating e , 

That writing may or may not be affected is a point m favor of ins theory 
I agree that the reversal of words in reading and writing is not a function of visual 
acuity and motor anomalies alone and must call on some other theory for explana- 
tion , Dr Orton’s is the most satisfying I know of 

My observation in cases similar to that of the Philadelphia boy agrees with 
Dr Orton’s, because psychologic tests usually show a high intelligence quotient 
and some of the worst readers have a mental age well above their chronologic age 
Dr Orton brings up the question of vacillating movements of the eyes and 
points out that some of these unusual associated movements may be caused by 
the child’s not knowing winch way to read a word rather than by any motor inco- 
ordination I believe this may be true in a limited number of cases, but to diagnose 
the presence of these unusual movements and determine their cause is often a 
baffling problem which requires the most careful studies Tests under low oxygen 
tension with photography of the ocular movements may be required for a diagnosis 
of some of these movements (McFarland, R A , Knehr, C A , and Berens, C 
The Effects of Anoxemia on Ocular Movements While Reading, Am J Ophtli, 
20 : 1204 - 1221 , 1937 ) 

Dr Orton has provided much food for thought, and, as is usual when any 
subject is discussed from the standpoint of another specialty, much has been learned 
However, no acquisition of knowledge should be too one sided, and I hope that Dr 
Orton’s listeners will study their patients from the standpoint of strephosymbolia 
but also have a complete diagnosis of their ocular, medical, neurologic and psy- 
chologic problems, with special emphasis on motivation, not overlooking hereditary 
factors 

Dr George H Hyslop (by invitation) I did not have the advantage of 
reading Dr Orton’s manuscript, and I missed the first portion of his talk I 
heard enough, however, I think, to make two or three remarks which are perhaps 
supplementary to what Dr Berens has said The points I should like to stress 
are these 

In attempting to judge a patient’s performance in the use of either motor or 
sensory functions as the application of his intelligence to them, one must consider 
not only the primary pathway apparatus but the higher cerebral integration 
Secondly, I think Dr Orton is the originator of the concept (though he may not 
entirely agree with me) that certain types of impaired language function involve 
not a lesion or a structural defect but an inherited functional defect This inherited 
functional defect may be imitated by an acquired lesion which does affect the inborn 
ability of the two hemispheres to coordinate properly 

The third point is that there is no necessary correlation between the results of 
ophthalmologic examination and the way the patient uses his eyes, not only in 
reading but in judging any objects which are in the field of vision 

The last point (I do not know whether Dr Orton would have given more 
attention to it if he had had more time) is that in examining children who are 
presumed to have defective vision because they do not read, one may note disorders 
of integration through studying how they use their eyes and understand the meanino" 
of objects which are similar in size but do not involve the language function Thus 
one may get a clue that there is a disorder of integration rather than of vision 
A disorder of refraction or primary perception will not manifest itself as a failure 
of conception of a limited or specific type of object 

Dr Bernard Fread It has been a privilege to hear so distinguished an 
authority on reading difficulties as Dr Orton, whose name is well known not only 
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to ophthalmologists but to educators and other persons interested m this field 
I was particularly interested to hear him mention that eyedness is not so much 
an inheritance difficulty as the educators have indicated, and I should like to ask 
him whether he feels that mixed dominance, that is dominance of the left eye 
and right-handedness, is a factor in reading difficulties 

The main thing Dr Orton stiessed, which seems important, especially to 
ophthalmologists, is that one must have the proper physical equipment to read, 
that IS, one must have one’s optical error and muscle imbalance corrected ade- 
quately to have the proper anatomic and physiologic basis for good reading Dr 
Orton mentioned the nature of hemianopsia and its effect on reading There may 
be reading difficulties because of generally contracted visual fields Also, one has 
to remember there is rarely one cause for difficulty m reading and that a great 
deal of investigation is needed, of which some is done by the ophthalmologist and 
a great deal by the properly trained psychologist and educator In other words, 
the causes of any one patient’s difficulty in reading must be multiple One must 
not forget the fact that poor hearing and muscular coordination influence reading, 
which may also be difficult for children with defects of speech The factors of 
illness, malnutrition, paralysis and disorders of the endocrine glands may influence 
reading by retarding the child’s physical and mental development I must not 
forget the value of general intelligence and mental development, because those 
factors also influence reading An interesting point sometimes forgotten is that 
mirror reading and mirror writing, some educators feel, comprise an actual phy- 
siologic stage m the learning process of reading and need attention only when 
they persist 

In conclusion, I am giateful to the essayist and to Dr Berens for emphasizing 
the fact that ophthalmologists should make careful studies of the accommodation 
mechanism and then refer their results to an educator interested in reading 
flifficulties 

Dr Lauretta Bender (by invitation) May I ask what is the status of brain 
wave studies in regard to cortical dominance^ 

Dr Samuel T Orton I do not think I have much to offer in closing the 
discussion Dr Berens spoke of finding reversals in a small number of the non- 
readers he studied I would assume that he saw older childien or adults, and I 
would expect that As one attempts to teach a child, the child gradually gets the 
direction straightened out, but still there is enough confusion in direction so that the 
recall of a word is not accurate One finds that the moi e accurate recall frequently 
lags behind the amount of recall necessary for recognition of a word, so that the child 
learns to read before he learns to spell Persons with reading difficulties are usually 
poor spellers 

Dr Berens spoke of the case to which I referred m my paper I have no 
record of the visual acuity I gave all the details I had 

He also spoke of testing for eyedness with a screen with a hole in it I have 
been using a comparable test for quite a while A card about 6 by 8 inches (15 by 
20 cm ) with a hole in the center somewhat smaller than a dime is used It is 
offered first to the child with the examiner holding it with the hole over the bridge 
of the nose, so that the child must shift the head to bring one eye into line Then 
the child IS asked to hold it, first with one hand, then with the other and then with 
both Occasionally one finds that the hand used influences the choice of the sighting 
eye, but commonly if the child has a dominant eye he will shift the card over m 
front of that eye One finds some unusual responses, but I feel that with first 
the examiner and then the child holding the card one generally gets valuable data 
to be added to the results of the other tests used for eyedness 

Dr Berens asked about the pathologic observations There are none 3 ’’et 
I have done a great deal of work m brain pathology and have examined 1,500 or 
more human brains, and among these I have not yet seen a selective agenesis of the 
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type that Hinschehvood suggests I have seen one hemorrhage m the angular 
gyius m an infant’s brain in which there were multiple hemorrhages 

In a survey of a whole community my associates and I found reading dis- 
abilities sufficient to retard development at least one year m 10 per cent of the 
total school population If this pioportion was true and reading difficulties were 
due to agenesis one certainly would find such a defect in the angular gyrus f i equently 
in a series of 1,500 brains Such a fault in development in the legion of the angular 
gyius would have to be present as a bilateral lesion m children to cause the leading 
disability, and I have not observed a brain with this selective agenesis in even 
one hemisphere 

Dr Hyslop spoke of the matter of integration, and that is a point of great 
importance I mentioned the fact that it is only when integiation takes place at 
the third, or word, level that reversed memory pictures come out, and it is m the 
integration process that these reversals occur 

Dr Fread asked a question concerning mixed dominance I thought I had 
expressed the opinion that the mixture of dominance is not a causal factor but 
does give evidence that the child is not all light sided or left sided as far as the 
brain is concerned, and I am coming to the conclusion that there are a lot of 
pel sons who aie not entirely one sided, who do not have all the motor functions 
organized in one hemisphere, in whom the dominance for some functions is in one 
hemisphere and that for some in the opposite I am supported in this belief by 
observations made by Dr Nielsen, a neurologist of Los Angeles 

Dr Fread also bi ought up the question of intelligence Of the 102 persons on 
whom I repoited, none had an intelligence quotient below 90 All patients with an 
intelligence quotient below 90 were ruled out so that confusion due to the problem 
of intelligence would be excluded 

I agree with Dr Fread as to the fact that reversals are present in almost all 
children when they are first learning to read Almost all children are confused 
at first between "b” and “d,” etc , but the confusion does not peisist as it does m 
children with strephosymboha 

In answer to Dr Bender’s question, I may say that I have not had an oppoi- 
tunity to work in the field of electroencephalography as yet but hope to soon 
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Although fractuie has always been regarded as a cause of enophthalmos, there 
exists m the literature considerable speculation on the mechanism of the displace- 
ment of the eye when there is no external evidence of fracture Most of the dis- 
cussion on the sometimes distiessing consequences of a blow on the eyeball took 
place before the roentgen rays were developed to a high point of usefulness To 
many of the early observers fracture meant fiagmentation and gioss deformity It 
was inconceivable to them that the eyeball could receive, withstand and transmit 
a blow forceful enough to fiacture any of the walls of the orbit Since means of 
demonstiating deep, oi internal, fractures were lacking and, in later years, since 
roentgenography was not employed at its greatest efficiency, enophthalmos in many 
cases was considered an extraordinary phenomenon Today, with the roentgen rays, 
one IS able to study the orbit m fairly minute detail, and considerable knowledge 
of the changes which occur in this cavity in disease and m injury has been gained 
With roentgenography the cause of enophthalmos has been clarified, and another 
indication of the value of the roentgen rays in ophthalmic practice has been added 
to a growing list 

In a recent reference to traumatic enophthalmos, Benedict ^ listed the following 
causes as responsible for varying degrees of enophthalmos 

1 Dislocation of the trochlea ^ 

2 Atrophy of orbital fat (trophoneurotic theory of Praun ® and Beer,* 
mentioned by La Grange,® Gessner,® Lukens and others) 

3 Enlargement of the orbit (Lang ® and others) 

4 Cicatricial contraction of retrobulbai tissue (Pi aim,® La Grange,® Lederer,® 
Le Roux and Lumewski ^^) 

5 Rupture of orbital ligaments or fascial bands (Kilburn,^® Fick,^® Collins, “ 
Shoemaker,^® Morax and Rand and Reeves ^^) 

Read before the American Ophthalmol ogical Society, Hot Springs, Va, June 11, 1943 

From the Institute of Ophthalmology of the Presbyterian Hospital, and the Department 
of Ophthalmology, Columbia University College of Physicians and Surgeons 

1 Benedict, W L , in Berens, C The Eye and Its Diseases, Philadelphia, W B Saunders 
Company, 1936, p 330 

2 Hughes, W L Personal communication to the author In the operation of recession 
of the trochlear nerve introduced by Hughes, enophthalmos was not of measurable degree m 
an)" of the cases 

3 Praum, E Die Verletzungen des Auges, Wiesbaden, J F Bergmann, 1899 

4 Beer, T Arch f Augenh 25 315, 1892 

5 La Grange, F Les fractures de I'orbite, Pans, Masson & Cie, 1917 

6 Gessner, C Arch f Augenh 28 297, 1888 

7 Lukens, C Ophthalmology 3 30, 1906 

8 Lang, W Tr Ophth Soc U Kingdom 9 41, 1889 

9 Lederer, R Arch f Augenh 53 241, 1902 

10 Le Roux, H , and Maklakoff Arch d’opht 24 176, 1904 

11 Lumewski, S B Post okul 5 47, 1903 

12 Kilburn, H W Arch Ophth 31 384, 1902 
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6 Fracture of orbital wall (Lederer,® Lang,^ Praun® and others) 

7 Displacement of part of orbital tissue (Lang® and otheis) 

As enlargement of the oibit and displacement of part of the orbital tissue could 
occur only as a result of fracture, three of the aforementioned points pertain to 
deformity of the bony orbit resulting from violence Lang’s contention that fracture 
occurred in every case of enophthalmos and that the displacement was probably due 
to all thiee of these conditions corresponds precisely with my experience Lang, 
in discussing Ins 2 cases in 1889, stated 

I would suggest that the injury may have produced a fracture and depression of a portion 
of the orbital wall, the orbital fat would then be no longer sufficient in quantity to fill this 
enlarged postocular area without a sinking in of the globe from atmospheric pressure and the 
resulting limitation in the ocular movements These cases might then be considered as less 
exaggerated but similar to those of von Becker and Tweedy 

In von Becker’s and m Tweedy’s case the injury was produced by a cow horn’s 
driving the globe into the antrum through a perforation of the floor of the orbit 
In both cases the eyes were lost from view Lang’s opinion was stated without aid 
of surgical exploration, autopsy examination or, of course, roentgenography 

MATERIAL 

Of 120 cases of fracture of the bones of the face in which the orbit was involved 
m some way, enophthalmos was present, or developed subsequent to the injury, in 
53 (table 1) Fracture of the orbit was noted in every case of traumatic enoph- 
thalmos through a peiiod of ten years In 29 cases external deformity or severe 
fracture involving the margin of the orbit, with dislocation of fragments, occurred 
and the cases are not included m this study In these cases fracture was obvious 
clinically and/or roentgenographically In 24 cases the fracture was internal, or 
deep in the orbit, unassociated with solution of continuity or deformity of the margin 
of the orbit or of surface structures This series of 24 cases (table 2), of the type 
which was inexplicable to the older authors, forms the basis of this report 

In all these 24 cases there was displacement of the eye of 1 to 9 mm without 
other external deformity, as measured by the Hertle exophthalmometer In most 
of the cases the eye was displaced posteriorly 2, 3 or 4 mm In the cases of more 
seveie injury, of the 24, the eye was displaced posteriorly and mferiorly In 
2 instances the eye was displaced posteriorly and slightly nasally The displace- 
ment of the eye would have been overlooked clinically in a number of cases if 
the exophthalmometer had not been used on the suggestion of the roentgenographic 
leport after the signs of recent trauma had subsided 

In the cases of severe displacement enophthalmos was apparent early In 1 
case m which I made examination the day after injury, the eye could scarcely be 
seen when the greatly swollen lids were pried open In 2 other cases in which 
the enophthalmos was not severe, the displacement was apparent on the third and 
fourth days, when examination was made after the roentgenographic report was 
rendered But, in most of the cases, because of hemorrhage, edema and/or air 
in the orbit, the displacement was not found until two or three weeks had passed 

13 Pick, A E Diseases of the Eye and Ophthalmoscopy, Philadelphia, P Blakiston’s Son 
& Co , 1896 

14 Collins, E T Bnt M J 2.846, 1899 

15 Shoemaker, W T Am Ophth 9 391, 1900 

16 Morax, M V Bull et mem Soc franq d’opht 47 391, 1934 

17 Rand, C W, and Reeves, D L Surg, Gjnec & Obst 69-460, 1939 
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The eye was exophthalmic at first m several cases In general, it may be said 
that the seventy of the early signs of violence to the eye beais no relation to the 
degree of injury dehveied to tire walls of the orbit 

Table 1 — Data on Cases of Fracture of the Of bit Studied Roentgenogi aphtcally 

Through a Ten Year Period 


Total number of cases of fracture 
Total number of cases of traumatic enophthalmos 
Oases of combined external and internal fracture 
Oases of mtemal fracture 


120 

63 (44%) 
29 

24 (45%) 


Table 2 — Essential Data on the Twenty-Four Cases of Internal Fractwe of the 

Orbit Causing Enophthalmos ” 


Case 


Injurious 

Degree 

of 

Enoph 

thalmos, 

Walls 

Depres 
Sion of 
Floor 
mto 

Antrum, 

Eyet 

Involved 

and 

Visual 

Diplopia 

Permanent Injury 

No 

Patient 

Agent 

Mm 

Fractured 

Mm 

Acuity 

Present 

to Eyeball 

1 

P B 

Fist 

3 

Inferior nasal 

9 

0 S 20/20 

Yes 

None 

2 

E W 

Eist 

2 

Inferior 

6 

0 D 20/30 

No 

None 

3 

A W 

Fist 

9 

Inferior 

Complete 

0 D 20/30 

Yes 

None 

4 

L T 

Fist 

5 

Inferior nasal 

15 

0 S 20/20 

Yes 

None 

5 

L A 

Fist 

3 

Inferior nasal 

8 

O S 20/20 

No 

None 

6 

O J 

Pists 

0 D 4 

Inferior 

14 

O D 20/16 

Yes 

None 

7 

J 0 

Ski 

0 S 6 

5 

Inferior 
Infenor nasal 

16 

14 

0 S 20/15 
O S 20/60 

Yes 

Holeinfoiea par 

8 

J B 

Automobile 

6 

Inferior 

18 

0 S 20/20 

Yes 

tial optic nerve 
atrophy 

None 

9 

J K 

accident 

Fist 

3 

Inferior nasal 

8 

0 S 20/200 

No 

Retinitis sclopetaria 

10 

0 S 

Gouging 

1 

Inferior 

4 

0 S 20/40 

No 

Hemorrhage in vitre 

11 

G T 

Knee 

26 

Inferior 

7 

O D 20/20 

No 

ous, chorioretinal 
atrophy 

None 

12 

H M 

Fist 

2 

Inferior nasal 

7 

0 S 20/30 

No 

None 

13 

E H 

Cow’s horn 

7 

Infenor nasal 

20 

0 S 20/20 

Yes 

None 

14 

S 

Fist 

3 

Inferior 

10 

0 D 20/20 

No 

None 

15 

W W 

Automobile 

2 

Inferior nasal 

7 

0 S 20/20 

No 

None 

16 

W B 

accident 

Pist 

4 

Inferior nasal 

10 

0 D 20/40 

No 

None 

17 

M 0 

Fist 

6 

Infenor 

14 

O D 20/30 

Yes 

None 

IS 

J L 

BasebaU 

2 

Inferior nasal 

5 

O S 20/30 

No 

None 

19 

S O 

Automobile 

3 

Inferior 

8 

0 S 20/20 

No 

None 

20 

W W 

accident 

Pist 

7 

Infenor 

Complete 

0 S 20/70 

Yes 

Paralysis of third 

21 

A W 

Golf ball 

3 

Inferior 

6 

O D 10/200 

No 

nerve, partial optic 
nerve atrophy 
Retinitis sclopetaria 

22 

M G 

Fists 

35 

Inferior nasal 

9 

0 S 20/20 

Yes 

None 

23 

E M 

Automobile 

2 

Inferior 

6 

0 S 20/20 

Yes 

None 

24 

T T 

accident 

Fist 

4 

Inferior 

12 

O S 20/20 

No 

None 


* In 14 instances the fracture was due to the blow of a closed fist The floor was fractured In all ease', 
and the nasal wall in addition in 11 eases On calculation It was found that 1 mm of enophthalmos indi 
cated an average depression of 3 mm of the floor of the orbit into the antrum Diplopia was cxperiencctl 
in 11 cases Permanent impairment of vision of the eye of the involved orbit was suffered in only 5 cases 


CAUSES or FRACTURE 

The circumstances responsible in these cases of internal fracture of the orbit 
were vaned It may be a matter for some surprise that in 14 instances the 
fracture was produced b}' a blow of the fist Many of the patients were treated 
first for the ordinary “black eye ” In most of the cases m which roentgenographic 
studies were made for this complaint fractures were found, and in those whicii 
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could be followed enophthalmos of 2 to 9 mm developed In 1 of the cases of 
most severe enophthalmos (case 3) the displacement resulted from the blow of 
a fist, and the case will be described in detail In case 2 fracture of the floor 
of both orbits with bilateral enophthalmos resulted from an assault Many of the 
patients with this injury were uncooperative, so that final notes were difficult to 
obtain, otherwise, this series would have been many times larger Automobile 
accidents were responsible in 4 of the cases In 3 cases the injury was received 
while the victim was playing football In 1 case the patient was struck by a base- 
ball , in 1 by a ski , in 1 by a golf ball, and in 1, by a cow’s horn 

ROENTGENOGRAPHIC FINDINGS 

The roentgenographic findings were characteristic In every case the floor of 
the orbit was broken through into the maxillary sinus below Fragments could 
usually be seen in this sinus, and the increased density of orbital tissue was always 
demonstrable, the tissue prolapsing m some degree into it In the cases of severe 
enophthalmos the antrum was densely and completely clouded by the orbital tissue 
which filled it The thin fragments of bone displaced into the antrum in these 
cases weie the only trace of the floor of the orbit that could be found In several 
of the cases of less severe displacement the infraorbital canal seemed to have braced 
the floor and stopped the descent of tissue The degree of prolapse and the result- 
ing enophthalmos seemed in several cases to have been determined in part by 
the size of the antrum In the cases of severe displacement the antrums were large 
In 15 of the cases deformity of the nasal wall of the orbit was apparent, in addition 
to fracture of the floor The ethmoid cells were compressed by the medial dis- 
placement of the lamina papyracea in these cases In all the cases the effect of 
the fractured walls was to increase the capacity of the orbit 

Fracture or deformity of the floor of the orbit can be recognized in the roent- 
genogram of the skull in the Caldwell position, especially when corresponding 
parts are compared The degree of prolapse into the antrum can be observed better 
m the Water position Good roentgenographic technic is essential The clouded 
appearance of the antrum caused by the presence of orbital tissue may be mistaken 
foi the appeal ance most commonly produced by sinusitis Obviously, fragments of 
bone aie nevei seen m the antrum involved by the latter condition 

MECHANISM 

The mechanism of the mteinal orbital fracture responsible for the postenoi 
displacement of the eye is quite clear From the nature of the fractures it is evident 
that the force of the blow received by the eyeball was transmitted by it to the walls 
of the 01 bit, with fiacture of the more delicate portions That the floor is always 
involved is quite understandable The posterior convex portion of the floor bulges 
upn ard back of the eyeball m a position to receive most of the force transmitted by 
the eye The floor is of very thin bone, similar m weight to the lamina papyracea 
a fact easily demonstrated by transillummation of the dried skull — and is braced 
but slightly by the infraorbital groove, or canal In the cases of less severe 
enophthalmos the posterior portion is fractured, and in the cases of more severe 
displacement the entire floor is broken through It is usually in the latter cases 
that fracture of the lamina papyracea is also observed The effect of these fractures 
is to increase the capacity of the orbit, and through the fracture of the floor tissue is 

18 Pfeiffer, R L Tr Am Ophth Soc 39 492, 1941 
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allowed to piolapse into the antrum, with resulting enophthalmos If the antiuin 
IS large enough it is possible foi the eye to drop into it and disappeai from Mew 

In all of the 24 cases the force of the blow^ was conccntiated m a small aica 
so that it struck the e)'e diiectly and was not buffered by the piotective piojecting 
structures of oi the stuictuies adjacent to, the margins of the orbit 

S\ MPTOMS 

In halt the cases, except foi the acute signs ot injuiy, distiessmg symptoms 
othei than the displacement of the eye were not experienced In 11 cases the 
patient did not know that the eye had been displaced, and m these cases theie w'eie 
no other s 3 'mptoms Limitation of motility occui red, and diplopia w as bothersome 
in 11 cases In 5 cases paresthesia of the face lesulted fiom the fiacture of the 
infraoibital canal and rupture of the infiaorbital nene This symptom soon seemed 
to disappear from the patient’s mind 

That the eye is able to withstand such se\eie trauma and letain its Msual 
lunction, as w'as tiue m most of the cases, is indeed remaikable Cential vision 
w'as destro 3 'ed in onty 4 cases In 1 case theie w'as a hole in the macula, in 1 case 
a hemorrhage in the vitieous, w’lth unknowm teimination, and in the remaining 
2 cases, lupture of the choioid and disoigani/ation of the cential aiea ot the letina 
In several instances i eduction of visual acuit 3 '^ occurred to some degree Dislocation 
of the cr 3 ''stalhne tens w'as not noted, and detachment of the letina did not occur 
during the follow^-up period In many cases, howevei, the letina show'ed evidence 
of contusion when it was first examined Commotio letinae, retinal and preietinal 
hemorrhages, iritis, dilatation of the pupil, subconjunctival hemoirliage, h 3 'potony, 
edema and ecchymosis of the eyelids and oibital emphysema weie the most common 
eaily signs Rupture of the ejeball w^as not noted 

ILLUSTRATIVD CASLS 

Foi purjioses ot illustration, several cases are described biiefl 3 ', with repi educ- 
tion of tlie roentgenograms The first case is fairly characteristic of most of the 
senes, the second w^as one of bilateral enojjhthalmos, and the thud was an instance 
of seiere defoimit 3 " 

Cask 1 — F B, a w’oman aged 30, had been struck on the left eje with a closed fist in 
an altercation with her husband four months before The ej^e was greatly sw'ollen and was 
black and blue for dajs Since this episode the e\e had seemed to the patient to be “m too far " 
There was no double vision Numbness of the left side of the face w^as no longer bothersome 

(fig 1) 

Examinaiwu — The left 030 was set deep in the socket, with a hollow' space beneath the’ 
t 3 ebrow The pupils were equal and active on the two sides 

Vision was 20/20 — 3 in the right eye and 20/20 — 1 in the left eye 

The exophthalmometnc reading W'as 18 mm for the right eye and 15 mm for the left 
cie The palpebral fissure measured 9 mm in width in the right e 3 e and 7 mm in width 
in the left e\e 

There was orthophoria for near Msion No diplopia w'as brought out with the red gh's 
There was good motihti m each e\e 

The fundi were normal 

Rocnigcnograpluc Report (fig 2 ) — Stereoscopic roentgenogi ams of the 01 bits showed tint 
the margins w ere se mmetric and of the mesoseme tvpe The sphenoid ridges, the superior orbital 
fissures and tlie temporal lines were also SA'mmetnc The floor of the left orbit was fractured 
and was displaced inferior]} at least 1 cm into the antrum The nasal wall of the left orbit was 
conca%e and displaced nasalK, compressing the ethmoid cells The capacite of the left orbit 
therefore, was much increased There was no external eiidence of fracture of the bones of 
the face The right orbit was normal The optic canals were circular, measured 5 mm m 
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diameter and were symmetric All the paianasal sinuses were cleai except the lett antuim, wdiich 
«how'ed prolapsed orbital tissues 

Imhc^swu -The impression w'as that of fiacture of the left orbit, imohmg the flooi and 
the nasal wall, w'lth prolapse of oibital structuies into the left antrum, this displacement account- 
ing for the cnophthalmos 

Diagiw us— The diagnosis was enophthalmos ot the left eye, resulting from internal fractuie 
of the 01 hit 

Idvtct — fhe patient was not bothered sufficiently by the displacement to tcel that an opera- 
tion to restore the eye to a normal position w'as justified 




I ig 2 (case 1) —Roentgenogram of orbits, showing the fractuie ot the floor of the left oibit, 
w ith prolapse oi fi agments and of orbital sti uctures 9 mm into the anti urn 


C\si 2 O J , a Negress aged 23, had been attacked three jears before, when she suffered 
scccrc blows to the face and eyes Since the attack the ejes had seemed sunken and double 
Msion had been persistent espccialh on looking upward 

riiete was weakness of the left superior lectus muscle, with pronounced seeondaij o\er- 
action ot the right inferior oblique muscle 

/Aamnio/ion— Vision was 20/20 in the right eec and 20/30 m the left c\e, with correction 
It w IS 20/15 m the light c\c and 20/15 in the left eie 

1 he cxophthalmometric reading was 14 mm for the light eee and 12 mm loi the lett c\e 
I he iiUerpalpcbral fissure measured 6 mni in w idth in the right ee e and 5 mm in w idtii 
111 the left e\c 
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Double vision was present and increased when the eyes were turned up and to the left 
The fundi were normal 

Roentgenographic Repoi t (fig 3) — Roentgenograms of the orbit showed the margins to be 
symmetric, uninterrupted and of the mesoseme type The sphenoid ridges, the superior orbital 
fissures and the temporal lines were also symmetric The floors of both orbits were fractured, 
and fragments of bone could be identified in the antrums below, with prolapse of orbital tissue, 
approximately 18 mm or more, into each antrum The lamina papyracea of the left orbit was 
deformed with compression of the ethmoid cells posteriorly The optic canals were nearly 
circular, measured 5 mm m diameter and were symmetric and normal 



Fig 3 (case 2) — Roentgenogram showing fracture of the floors of both orbits, with prolapse 
of fragments and orbital structures into both antrums 



Fig 4 (case 3) — Photograph of patient, showing severe enophthalmos of the right eye, result- 
ing from the blow of a fist 


Dtagtwsis — The diagnosis was bilateral traumatic enophthalmos, more severe on the left side 
0 pet of ton — Myectomy of the right inferior oblique muscle was performed 
RestiU — ^The diplopia was relieved and the patient was content with the result 

Case 3 (fig 4) — ^ woman aged 25, was struck on the right eye by a fist in February 
1942 and was unconscious for a few minutes, with some bleeding from the nose and mouth 
Numbness on the right side of the face resulted from the blow , at the time of examination it was 
less bothersome. The e^ e was swollen shut for three weeks , when the swelling subsided, the 
sunken condition of the right eje was first obseiwed This progressed until July 1942 Vision 
had been preserved, but double vision was most annoving 
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Exaimnaiton—Thc right eye was displaced posteriorly and inferiorly A deep hollow space 
lay beneath the brow The pupils were active and equal on the two sides 

Vision with correction was 20/30+2 in the right eye and 20/30 in the left eye Exoph- 
thalmometric readings were 9 mm in the right eye and 18 mm m the left eye The palpebral 
fissure measured 4 mm in width in the right eye and 9 mm in the left eye 

There was restricted activity of the external and the superior rectus muscle and of the 
inferior oblique muscle on the right side 

Diplopia increased m the fields of action of the external rectus, the superior rectus and 
the inferior muscles of the right eye 

Anesthesia was present over the right malar area 

Roentgenographic Report (fig 5) — Stereoscopic roentgenograms of the orbits showed that 
the margins were symmetric and without evidence of solution of continuity There was complete 
destruction of the floor of the right orbit, with absence of visible fragments The underlying 
antrum was densely clouded, and the soft tissue shadow suggested the prolapse of the orbital 
content into it The lamina papyiacea showed deformity, with compression of the ethmoid 
labyrinth and adjacent structures 

The impression was that of complete fracture of the floor of the right orbit and nasal wall 
with prolapse of orbital structures into the antrum 



Fig 5 (case 3) —Roentgenogram of orbits, showing fragments of the floor and the orbital 
content filling the right antrum The orbital margin and the adjacent structures are unaffected 

TREATMENT 

Most of the patients with enophthahnos did not experience concomitant 
symptoms, and measures for correction of the displacement of the eye were not 
required Indeed, several patients were unaware that the deformity existed 
Seveial were much more interested in securing relief of diplopia than m having 
the e 3 ^e restored to its normal position For these patients measures to conect the 
diplopia were sufficient and gratifying 

Treatment to correct the deformity is leceiving attention Mam piocedures 
may be conceived for the reconsti uction of the floor of the orbit and the restoration 
of the eye to its proper position The use of autogenous tissue, bone or cartilage 
to form a new^ floor or of fat to fill the antrum, and thus raise the eye and orbital 
tissues, seems most likely to succeed To fashion a new floor of viable tissue 
certainly requires consummate skill to overcome the technical difficulties Filling 
of the defect in the floor of the orbit with fat taken from the abdominal wall is a 
relatively simple procedui e but ma^^ not prove permanent The use of preserved 
lascia lata in 1 case failed, for it acted as foreign material and had to be remo\ed 
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SUMMARY 

Patients exhibiting signs of lecent injui}’-, such as the ecchymosis and edema 
of a “black eye,” should have a roentgenograi^hic examination for possible inteinal 
fiactuie of the orbit The development of enophthalmos after trauma is always 
an indication of fiactuie, usually of the flooi and/oi the nasal wall, fiequently with- 
out solution of continuit} of othei parts of the oibit The posterior displacement 
of the eye is due to the mciease in the capacit}'^ of the oibit, which results from 
the fiagmentation of the flooi with jjrolapse of oibital content in some degree into 
the aiitium, and to fiactuie of the lamina pap}!acea with compiession of the ethmoid 
cells 

Treatment ma\ not be needed if the enophthalmos is not severe If diplopia 
is present, m cases of less seiious displacement the simplei means of lelief may be 
operation on the extiaoculai muscles In cases of seveie enophthalmos operation 
to laise the oibital structuics fiom the antium mai be gratifying to the patient 

CONCLUSION 

Enophthalmos tolloving tiauina is due to fiactuie of the oibit Internal fiactuie 
of the oibit, usuall}'’ of the flooi, without involvement of the maigin, is a fiequent 
lesult of a blow on the eye and should be diagnosed by roentgenographic means 

635 West One Hunched and Sixtj -Fifth Stieet 



RECURRING ATTACKS OF CONCOMITANT EXOIROPIA, 
EACH FOLLOWED BY TRANSIENT ESOTROPIA 

MIGRAINE THE PROBABLE CAUSE 

F H VERHOEFF, HD 

BOSTON 

The piesent case is leportecl because it may tliiow light on the convergence 
meclianism and because, so far as I have ascertained, no such case has previously 
been described However, the literature on oculomotor anomalies is so voluminous 
that reports of even a considerable number of such cases could easily be ovei looked 
No doubt cases of the kind have been observed but not reported In fact, a 
colleague described to me a case which, judging from his brief account of it, was 
closely similai The condition is not described in textbooks 

REPORT OF A C \SE 

An unmained biunet, a Jewess, first consulted me on April 2, 1936, at the age of 28, and 
I have seen her at frequent intervals ever since She complained of attacks whidi had begun 
to occur about seven months before her first vistt to me During an attack “everything looked 
crooked, people’s faces looked queer” and her eyes “looked funny” to her friends As will 
be evident, these phenomena w'ere dependent on attacks of pronounced exotropia followed by 
tiansient esotropia Up to the present she has had about twenty-four such attacks Hei 
refraction was as follows In the right eye vision was 20/40, and with a correction of — 0 50 D 
sph T — 0 50 D cyl , axis 105 it was 20/20 — , in the left eye vision ivas 20/40, and with a 
correction of — 0 75 D sphT — 0 37 D cyl, axis 90 it was 20/20 — 

Between attacks, she had orthophoria within 2 prism diopters as indicated by the objective 
co\er and the Maddox rod test Hyperphoria never exceeded 1 prism diopter Ocular move- 
ments were normal in all directions She could overcome a prism of 14 D base out and could 
not overcome one of more than 6 D , and sometimes not one of more than 2 D , base in The 
near point of convergence was at 6 cm With my new test, her acuity of stereopsis was 20/30 
Her fundi and visual fields w'ei e normal Her pupils w'cre equal and round , they measured 2 5 
to 3 mm m diameter and reacted well to light but poorly in convergence Her irises were dark 
brow’ll 

Thus far the ocular attacks have consisted of two scries separated by an interval of thiec 
and a half years The first scries covered a period of about one year, consisted of at least 
scieii attacks and ended about Aug 1, 1936 The second series, consisting of seventeen 
attacks, covered a period of one and a half years, beginning July 14, 1940 and ending about 
Dec 1, 1941 Since then she had had no attacks, an interv’al of one and a half years at the 
tune of writing The interval between tw'o attacks was often verj' short, the shortest beinc: 
about one week 

r have never had the opportunity of examining her daily throughout an attack but have 
seen her seveial times during many of her attacks I have seen her m every phase of an 
attack and frequently also in the intervals According to her statements and my own observa- 
tions, the attacks were all essentially alike Three hours after she thought an attack had 
begun, exotropia of 40 prism diopters had developed in the left eye The next day tiie exotropia 
vvas still 40 prism diopters On the third day it was 30, and on the fourth, 20 prism diopters 
Even when tlie exotropia vvas 40 prism diopters, she frequentlj overcame it and obtained 
bifixation, but onlv with the aid of excessive accommodation, which reduced her distance 
vision to 20/200 During fixation her visual acuity could be restored bj the addition of a 
■ 1 50 D sphere to her usual correction For near range she had dear v ision and bifixation 

without this addition Her near point of convergence vvas at about 15 cm The exotropia 
was as constant -ind as closel> concomitant as that in an ordinarj case of concomitant 
sti abiMims, d thougli there vvas slight limitation of inward motion for each e.vc When the 

Read at the Seventv -Xmth Annual Meeting ot the American Ophthalmological Socictv 
Hot Springs Va Tunc II, 1943 
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exotropia had become 15 prism diopters, bifixation reduced the visual acuity to 20/50 — With 
exotropia of 30 prism diopters and bifixation, it required fifteen seconds for vision to clear 
when one eye was covered When the eye was uncovered, bifixation with blurred vision was 
achieved somewhat more quickly 

About one week after the onset of an attack, a stage was reached m which, during the 
examination, she sometimes had about 4 prism diopters of exophoria, and sometimes 4 prism 
diopters of esophoria On one occasion, while she was being tested, she at first had orthophoria 
and then, for a few moments, as much as 8 prism diopters of esotropia This stage I shall 
call the interphase of an attack After this, relatively constant left esotropia developed, with 
diplopia, which disappeared in about a week Sometimes a slight amount of esophoria persisted 
for a week longer The greatest amount of esotropia I observed was 15 prism diopters With 
this there was slight limitation of outward motion of each eye, and the convergence near point 
was at 3 75 cm On one occasion diplopia was found to begin at a distance of 61 cm There 
was never diplopia at the reading distance In two attacks, with esotropia of 15 prism diopters, 
I found ortholaterophoria at 33 cm with the vertical diplopia test 

In eight attacks I observed transition from exotropia to esotropia and I therefore assume 
that It occurred in all attacks However, the patient thought that the first attack of the second 
series began with diplopia, and when I saw her on the following day she had esotropia of 
8 pi ism diopters During the exophonc phase she never observed diplopia, even when there 
was persistent exotropia She also did not notice diplopia m the esophoric phase until I 
elicited It in my office After this, she always observed diplopia when there was esotropia 
She learned to distinguish the two phases by the fact that in the exophonc phase vision became 
blurred when things did not “look crooked” and that in the esophoric phase she had diplopia 
and distinct vision Near vision, she thought, was never disturbed in either phase 

Although I proved to her that she could relieve her ocular discomfort at any time by 
occluding one eye, I could not induce her to employ this procedure because she thought it might 
cause her to "lose her job” I prescribed glasses containing an addition of a — 1 75 D sphere 
to her usual correction, to be used during the exophonc phase, but sbe seldom used them, 
although they gave her clear vision for distance 

With either eye occluded, distance vision was always the same, and the range of accom- 
modation was 7 D Hence in neither phase of an attack was there paresis or spasm of 
accommodation The pupils during the attacks remained about the same size as before and 
responded well to light, and during the exophonc phase they responded as usual in con- 
vergence During the esophoric phase their response in convergence was diminished, probably 
because then less effort was needed for convergence At no time was nystagmus, mydriasis or 
definite miosis observed 

As a rule, hyperphoria was not revealed by the Maddox rod test during an attack How- 
ever, during several attacks she had left hyperphoria of 1 to 2 prism diopters In one attack 
I found, with exophoria of 30 prism diopters, left hyperphoria of 8 prism diopters by the 
objective cover test At or near the end of the esophoric phase of one attack, I once noted 
ortholaterophoria and 3 prism diopters of left hyperphoria with the Maddox rod test 

The patient stated that just before and during an attack she had a feeling of extreme 
fatigue At or near the onset she had headache and nausea, and in some of the later attacks 
she vomited The headache began over the left eye and spread to the upper jaw and then 
to the region of the left mastoid and left side of the occiput She complained that there was 
sometimes a “terrific weight on the back of [her] neck, drawing [her] down ” The head- 
ache did not prevent sleep and persisted two to four days As a rule, its severity had greatly 
abated by the time the interphase was reached, and during the esophoric phase she did not 
complain of the pain 

She began to have headaches about ten years before I first saw her, and for the first few 
years they were not severe Those associated with strabismus seemed to bear no constant 
relation to the menstrual periods, but the others occurred almost exclusively at these periods 
She had never had scotoma of scintillating or any other type At the beginning of a headache 
she frequently had a feeling of irritation as if from a foreign body m the left eye With a severe 
headache she sometimes complained of peculiar feelings in one or the other arm Shortly after 
the second series of ocular attacks ceased, she had a few attacks in which the “cords in the 
shoulder swelled,” associated with a peculiar feeling in her throat and momentary difficulty in 
talking and swallowing During the interv’al of three and a half jears m which she had no 
ocular attacks, she had many attacks of headache, with nausea, and such spells hav'e been frequent 
during the present interval 

The patient is the fourth of 5 children, the others are all males The second brother has 
frequent attacks of severe migraine associated with nausea Another brother has alopecia 
areata Her father recently died of a heart attack Her mother, who is still living, has 
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occasional headaches The patient remembers no illness except shingles Her general physical 
condition is excellent Her bowel movements and her menstrual periods are normal She 
IS moderately obese (height 5^ feet [167 6 cm ] , weight 167 pounds [75 7 Kg ]) On March 4. 
1940 examination at the Lahey Clinic revealed nothing of importance A roentgenographic 
examination of the gastrointestinal tract was made there On May 28, 1941 I referred her 
to the Massachusetts General Hospital, where a thorough physical examination showed nothing 
abnormal A Hinton test gave a negative reaction The basal metabolic rate was -f 4 per cent 
On Nov 27, 1940 I referred her to Dr G Colket Caner for a neurologic examination 
Aside from the ocular condition, his findings were normal While she was in the esophoric 
phase of an attack he subjected her, at my suggestion, to a prostigmme test His report follows 
“After subcutaneous injection of 2 cc of a 1 2,000 solution of prostigmme methylsulfate and 
1/100 gram (0 6 mg ) of atropine sulfate, the patient complained that she was not able to swallow, 
became extremely apprehensive and presented multiple peculiar somatic symptoms Probably 
the feeling that she could not swallow was due to a spasm of her pharynx or esophagus, for 
twitching soon developed m all muscles, an occasional reaction m normal persons after injection 


of prostigmme 

“In addition to what seemed an hysterical reaction to the muscle spasms and twitchings 
produced by the prostigmme, the patient reacted in a neurotic way to the pain of the injection 
Itself In spite of all this, however, it is hard for me to believe that the ocular symptoms have 
a psychic origin The result of the prostigmme test rules out myasthenia gravis ” I may add 
that the injection had no effect on the esotropia 

In October 1941 I referred the patient to Dr William G Lennox for examination, with 
special reference to epilepsy and migraine Excerpts from his reports follow 

“In addition to the major symptoms (headache, migraine, strabismus), she had a sensation 
of her nose being blocked and of a 'cool chill blowing through [her] face’ Presumably, this 
was paresthesia There was also sometimes a ‘dead feeling’ in one arm, a sensation as though 
the ‘muscles were not right’ This numbness might occur m either arm There was also 
some trouble with her leg, which she failed to describe accurately She did not complain of 
such sympathetic symptoms as flushing, chillmess and desire to urinate She had taken no 
medication because of a prejudice against it, which was familial 

“The patient resembled her father in having a driving temperament She was ambitious, 
conscientious, sensitive and easily upset emotionally, although her external appearance was 
placid Although I did not go deeply into this aspect, she had the characteristics which are 
described as making up the migraine personality 

“The electroencephalogram was entirely normal This is consistent with other cases of 
migraine in my experience, in which there is no personal or family evidence of epilepsy The 
dead feeling which she had in her arm suggested a more extensive pathophysiologic condition 
“The patient let one of her full blown attacks pass without notifying me, but she came in 
the other day when she was having mild pain m the eye and symptoms suggestive of approaching 
strabismus Her electroencephalogram was again entirely normal 

“I gai e her 0 5 mg of ergonovine subcutaneously and after an hour 0 4 mg of ergonovine 
malleate intrai enously This treatment did not seem to influence the pain Therefore, one 
must say either that she is one of the 10 per cent of patients with migraine who are not helped 
by ergot or that her headaches are not of the migraine type The test was not fully conclusive 
because she was not hav ing a full blown attack ” 


As possible causes of the ocular attacks m this case, neoplasm, multiple 
scleiosis, syphilis and various infectious processes are excluded by the frequency 
and the relatively short duration of the attacks and, above all, by the fact that in 
the seven and a half yeais since their onset no other neurologic symptoms have 
dcA eloped Myasthenia gravis Avas excluded by the result of the prostigmme test 
Hystei la seems to be eliminated by the presence of orthophoria between the attacks, 
and by the fact that without exophona no one can voluntarily diverge the eyes 
Moieover, the patient was not more emotionally unstable than most women of her 
age and race who are subject to migraine, and the attacks were not preceded by 
emotional distress Epilepsy, remotely possible as a cause, was excluded by the 
electro encephalogram s 

The only reasonable cause of the attacks seems to be migraine Since this 
disease is conspicuously hereditary, it is of considerable significance that a brother 
of the patient was subject to frequent attacks of severe migraine That another 
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brother had alopecia aieata may also be of impoitance But most significant is the 
fact that at the onset of each attack the patient had umlateial headache and other 
symptoms consistent with migraine and unexplained b}' any otliei cause 

The question now arises as to how migraine could pioduce such oculai attacks 
In lare cases migraine causes tiansient paresis of one oculai neive, almost alwajs 
the third The attacks ma} not always be associated with headache, and repeated 
attacks may result in permanent paiesis of the affected muscles In the piesent case, 
howevei, the ocular deviation was not paretic, and certainly was not dependent on 
involvement of one nerve alone Theie are woithy of consideiation, it seems to me, 
only three possible ways in which migiaine could have caused the exophoiic phase 
of the attacks in this case 

1 A \asomotor distuihance in the legion ot the nuclei ot the sixth nerves might 
have caused hypertonia of these nuclei Pre'^umahly, this would cause inhibition 
of the internal rectus muscles \s a lesult, exophoiia with some limitation ot 
inward motion, would he expected Concomitance of conjugate motion piobabh 
would not be gieatly affected The neai point of conveigence would no doubt 
recede, but to just how great an extent cannot be predicted because nothing is 
definitely known as to what determines the limit of noimal convergence 

2 A A'asomotor distuihance, probabl)’^ vasoconstiiction, might have reduced 
the tonus of the nuclei supplying both internal lectus muscles Presumably, this 
would reduce the inhibition of the external lectiis muscles and pioduce results 
comparable to those mentioned in 1 

3 A vasomotor disturbance might have affected the conveigent mechanism 
Little is known about this mechanism, but the evidence for Pei ha’s nucleus as a 
conveigence centei is strong On the othei hand, the evidence for a divergence 
center is weak It consists chiefly of the occurrence of a condition known as 
divergent paralysis Howevei , one can explain this condition more satisfactoril) , 
It seems to me, by not assuming the existence of a diveigence centei But even if 
the existence of such a center is assumed, the fact that conveigence was so slight!} 
limited would seem to exclude diveigence spasm as the cause of the exophonc 
jihase in the present case When bifixation has been m disuse foi a consideiablc 
period, concomitant exotropia, often of high degree, develops It does so despite 
the fact that to some extent stimulation to conr^ergence continues through its asso- 
ciation wnth accommodation Presumably, therefore, the conveigence mechanism 
contributes to the internal rectus muscle a tonus lemovcd ot which, together with the 
corresponding inhibition of the external rectus muscle, permits the eyes to diverge 
Hence it seems probable that a vasomotor disturbance in the region of Perlia s 
nucleus could reduce its tonus sufficiently to produce concomitant exotiopia of 40 
piisin diopters Whether oi not sufficient conveigence mneivation could be sent 
fiom the cortex to lestore this tonus and in addition, make possible conveigence ot 
the ejes to 15 cm is piobleinatic How^evei. it seems piobable especially if, as 1 
behe\e the limit ot convergence is noiinall} imposed by the degree of inhibition 
ot the antagonists iMoieo\cr, in main cases of exotropia of 40 prism diopteis 
the patient can coincige Ins cccs to 15 cm 

The second ot the atoremcntioncd possible causes tor the exoiflioiic phase of the 
attacks would seem to be more probable than the fiist because migraine has seldom 
been known to affect cacii one external lectus muscle and because so fai as has 
been obseiwed, it depresses the actnity of the oculai muscles it affects The third 
possibihtA seems the most probable ot the three because the vasoinotoi disturbance 
would need not onh to be depressne but to inAohe a smaller area and would 
attcct both c\es equal!} 
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VERHOEFF—CONCOj\If I -iN 1 EXOl ROFl 4 

On the bdsib of the piecechng explanation toi the exophoiic phase the esuphoiic 
])hase IS easily accounted foi, which makes the whole explanation still moie piohable 
The esophoiic phase cannot have been caused b)" so-called diveigence paialysis, 
because in this phase the neai point of conveigence was hi ought nearei to not 
faithei fiom, the eyes It could be explained on the assumption that a conveigence 
spasm lesulted fiom the gieat eftoit lequiied to oveicome the picceding exotiopia 
01 on the assumption that an excitatory state in Pei has nucleus occuiied as a 
lebound fiom the state of depiession The second assumption seems the moic 
piohable because the esotiopia was not accompanied b} miosis oi bt spasm ot 
accommodation It is to he noted that this explanation of the esophoi ic phase accoi ds 
with the fact that the esotiopia was always fai less seveie than the pieceding 
exotiopia The instability of the muscle balance in the mtei phase is satisfactorily 
explained by the tiansition fiom the assumed depiessed to the cxcitatou states in 
Pei ha’s nucleus 

Possibl} the conditions described would lesult from a \asomotoi disturbance in 
the legion of a coitical centei foi conveigence The facts, how^evei, that Pei ha's 
nucleus is piactically continuous wuth the nuclei of the thud nerve and that oph- 
thalmoplegic migraine almost exclusivel} involves the thud nerve medee it moie 
leasonable to assume that it was Pei ha’s nucleus w'hich w'as affected in the piesent 
case If it was true, as the patient stated, that in one attack esotiopia was not 
pieceded by exotiopia, it would seem that migiaine can cause hypei tonus of Pei ha’s 
nucleus wuthout fiist depiessing it If futuie investigations should piove that 
Pei ha’s nucleus is not part of the conveigence mechanism it would become 
necessai} to assume that some unknown legion concerned woth conieigence w'as 
affected in the piesent case 

I assume that both the sensoi} and the motoi phenomena associated wnth migiaine 
aie due to localised vasoniotoi distuibances in the biain That the sensoi y 
phenomena have this cause I have not the slightest doubt Recenth I examined 
sections of the occipital lobe of 1 of my patients, subject to migiainoiis scintillating 
scotoma, who thnty-one yeais befoie his death had suddenly acquned a permanent 
peiipheral scotoma, similar in the two eyes The sections show^ed a localized lesion 
which evidently was pioduced origmall) by neciosis and which so fai as could be 
determined, coiiesponded to the scotoma Othei explanations have been advanced 
foi the oculomotoi paiesis of migiame, notably, piessiiie on the affected neivc by 
a tempoiarily sw^ollen hypophysis oi bj a tempoiaiily distended laige vessel These 
explanations seem unlikely m view of the fact that they aie not applicable to the 
sensoi y phenomena The piesent case makes them still moie impiobable since the 
lesion in this instance could not haie been peiipheial 

SUMMARY AKD CONCLUSIONS 

In the case lepoited there occurred peiiodically nonpaietic seieie exotiopia 
01 exophona, followed by tiansient esotropia The exophoiic and the esophoiic 
phase of an attack each peisistecl about one w^eek At the onset of each attack 
the patient had seveie headache, nausea and other s)''mptoms consistent wnth 
migraine and not explained by any other cause 

It is safe to conclude that these lemarkable oculomotoi phenomena w^eie pioduced 
by a recuinng distuibance situated not faithei peiipheral than the midbiam and 
dependent on migiaine, not hysteiia 

The attacks seem best to be explained by the assumption that a vasomotoi 
distuibance associated with migiaine hist depiessed and then tempoiaiih laised the 
toniis of Perlia’s nucleus 

395 Commonwealth Aienue 



KERATOCONUS POSTICUS CIRCUMSCRIPTUS 

IRVING H LEOPOLD, MD 

PHILADELPHIA 

Among the rare forms of corneal abnormalities, there exists a group chaiac- 
terized by anomalies of curvature of the posterior corneal surface Butler has 
named and described two types of abnormal posterior corneal curvature One 
form IS called keratoconus posticus and is characterized by a perfectly regular and 
unusually short radius of curvature for the entire posterior corneal surface The 
other form, called keratoconus posticus circumscriptus, shows a localized area of 
increased curvature on the posterior corneal surface In both types the anterioi 
corneal curvature is smooth, regular and of average radius In both types the 
cornea is thinned in the area of increased curvature This thinning involves the 
entire cornea in the first, or keratoconus posticus, type and is limited to a circum- 
scribed ai ea m the second type ^ 

Stallard,- in 1930, reported the fiist case of so-called keratoconus posticus 
circumscriptus Butler and Ingram ^ each recorded a case All these reports have 
appeared in the English literature, evidently no case has been recorded in the 
American journals 

REPORT OF A CASE 

A Negress aged 36 reported to the ophthalmologic clinic of the Hospital of the University 
of Pennsylvania, desiring a refraction, having recently broken her glasses As far as she recalled, 
there had never been any injury to or inflammation of either of her eyes However, she has 
always been aware of poorer vision in her left eye She had been wearing glasses for ten years 
Visual acuity without correction was 6/9 -f- 4 in the right eye and 6/60 in the left eye, with the 
best correction after cycloplegic examination it was 6/5 in the right eye and 6/30 in the left 
eye External examination revealed nothing unusual concerning the lids, fissure or conjunctiva 
of either eye The cornea of the right eye was clear and sensitive, with no irregularities, 
staining or opacities The cornea of the left eye showed a slight, circumscribed haze at 
approximately 7 o’clock, just below the central area The corneal reflex was present to a 
wisp of cotton, and the cornea did not stain with fluorescein Intraocular tension was 20 mni 
of mercury in each eye, measured with a Schi0tz tonometer The pupils were equal and regular 
They reacted equally and promptly, with good amplitude, to direct and indirect stimulation 
with light and to a near stimulus Ocular movements were full, both for disjunctive and for 
conjugate movements The cover test revealed only slight exophona for near vision and 
orthophoria for distance The lacrimal sacs were both free from discharge, and the naso- 
lacrimal ducts were patent 

Slit lamp examination of the right eye revealed nothing pathologic Examination of the 
left eje b\ sclerotic scatter (figure A) revealed a circumscribed, horizontally oval haze lying 
nasallj just below the central area of the cornea Most of the opacity as seen in optical 
section (figure B) lay in the posterior portion, and a definite thinning existed in this area 
The cornea here was approximately one-half the thickness of the rest of the cornea The 
anterior surface of the cornea was smooth and possessed the same curvature throughout, with 
no irregulantj in the area of the lesion The posterior radius of curvature, in the area of the 
lesion, was notably shortened This curvature was not regular, but was most pronounced m 

From tlie Department of Ophthalmologv', Hospital of University of Pennsylvania 

1 Butler, T H (a) Keratoconus Posticus, Tr Ophth Soc U Kingdom 50 SSI, 1930, 
(10 Two Rare Corneal Conditions, Bnt J Ophth IG 31, 1932, (c) Discussion of the Rarer 
Forms of Keratibs, Tr Ophth Soc U Kingdom 57 32, 1937 

2 Stallard, in discussion on Butler 

3 Ingram, H V Keratoconus Posticus, Tr Ophth Soc U Kingdom 5G 263, 1936 
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the lower portion No pigmentation could be seen on the posterior corneal surface, nor was 
an aQueous flare seen Both the lens and the ins failed to reveal any signs of trauma or 
disease 

After instillation of 8 drops of 2 per cent homatropme hydrobromide, refraction with post- 
cycloplegic examination revealed 6/5 vision in the right eye, with a correction of + 25 D sph 
3 25 D cyl , axis 160, and 6/30 vision in the left eye, with a correction of 4- 2 00 D cy! , 

^is 5 A pinhole disk failed to improve vision in the left eye 

Ophthalmoscopic examination revealed no pathologic process, although the view of the left 
fundus was slightly hazy, as is usual in an astigmatic eye Inspection of the \isual fields 
revealed no scotomas 

Placido’s rings appeared circular, and keratometric leflections were regular 


COMMENT 

The signs observed m this case entitle the condition to be classed as a type of 
circumscribed posterior keratoconus The failure to obtain improved vision in 



A, corneal haze, as seen by sclerotic scatter , B, optical section, showing increased posterior 
corneal curvature m the region of corneal haze, with a normal anterior curvature 


Summdiy of Repoiied Cases of Ketatoconns Poshcus Cifcumscrtpius 


Observer 

History 
of Injury 

Age, 

Tr 

Visual 

Acuity 

Refractive 

Error 

Position of 
lesion 

Sex 

Stallard 

+ 

Middle 

aged 

e/24 


Central 

M 

Butler 

+ 

29 

6/12 (1930) 
6/ 9 (1931) 

+2 T> cyl , aMS SO 
—2 D cyl , axis 180 

Not quite central 

M 

Ingram 

~ 

54 

6/60 

Could not be improved 

Central 

P 

Present case 

— 

36 

6/SO 

+2 n cyl , axis 5 

Not quite central 

P 


the left eye may be the lesult of amblyopia ex anopsia following uncorrected 
anisometropia of childhood 

The cases reported in the literature are indicated in the accompanying table 
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In 2 ot the cases lepoited there uas a histor}' of injui) and in 2 thete was 
none No one actually saw this condition develop after an injur}' in a health} 
cornea So at best, the assumption of a traumatic origin is post hoc ci qo pi opto 
hoc leasonmg and ma} suftei the fallacies of all such logic 

SUMMARY 

A case ot keiatoconus posticus ciicumscriptus is piesented No history of 
pieccding disease oi injury could be elicited 



CLASSIFICATION OF EXPERIMENTAL CATARACTS 

IN THE RAT 

RECENT OBSERVATIONS ON CATARACT ASSOCIATED WITH TRYPTOPHAN 
DEFICIENCY AND WITH SOME OTHER EXPERIMENTAL CONDITIONS 

WILHELM BUSCHKE, MD 

R \I TIMORD 

Since the eaily obseivations by Eidbeim^ in 1906, on cataiact associated with 
tetany in rats and those by A Bnscbke,^ in 1913, on cataract piodnced by thallium, 
cataiact has been obseived with se\en othei expeiimental conditions of the lat 
Such cataracts do not include the acute reversible opacities of the lens due to osmotic 
and physical factors The question arises whether this fairly large body of experi- 
mental observations can be put to an}' use m solution of the problem of the patho- 
genesis of cataiact The occur lence of cataract m one species under a great number 
of difleient conditions appears to be a fortunate situation from the standpoint of 
comparative pathology 

Valuable infoimation can be obtained by systematic studies with the slit lamp 
dm mg the early stages and throughout the development of the cataiact and by 
obseivation on allied manifestations elsewhere in the body On the basis of such 
observations, Goldmann “ difterentiatecl thallium cataract and tetanic cataiact and 
showed that the former cannot be explained by an insufficiency of the paiathyroids 
Observations on the allied symptoms of galactose cataract have led other authors 
to suspect the relation of this cataract to osmotic disturbances Similar observations, 
which include studies of the other experimental cataracts m the rat, permit a 

From the Wilmer Ophthalmological Institute of the Jolins Hopkins University School of 
^Medicine 

This work was supported in pait by grants foi the stiulv of ammo acids in nutrition 
made b} the Rockefeller Foundation, Merck & Companr, Inc, Eh Lilly and Company, and 
E R Squibb & Sons to the Department of Pediatrics, Johns Hopkins University School of 
Medicine The work on riboflavin deficiency and on galactose and xylose cataracts, briefly 
referred to in this papei, is being earned on under grants from the John and klary R Markle 
Foundation 

The observations on tryptophan-deficient rats repoited in this paper are part of a general 
study on the clinical and chemical changes occurring in ammo acid deficiencies in experi- 
mental animals and in human beings This study was conducted in the department of pedi- 
atrics of the Johns Hopkins Hospital and University and was under the immediate direction 
of Dr L Emmett Holt Jr The participation of the department of ophthalmologic m the 

studv was incidental and was made at the specific invitation of Di Holt Full repoits of 

the study as a whole will be made by Dr Holt and his co-workeis in other journals The 
observations reported here are, however, of special ophthalmologic interest and on this account 
appear to warrant a separate report in the ophthalmologic literature 

The cataracts in rats with experimental diabetes occurred in the course of studies con- 
ducted bje Dr Curt P Richter in the psychobiologic laboratory of the Phipps Psychiatric 
Lhnic, Johns Hopkins Hospital, who also observed the cataracts Dr Richter permitted me 
to studi these eyes Reference to these studies is made bje permission of Dr Richter 

1 Erdheim, J Mitt a d Grenzgeb d Med u Chir 16 632, 1906 

2 Buschke, A Arch f Dermat u Syph 116 477, 1913 

3 Goldmann, H Arch f Ophth 122 146, 1928 

T n Sullmann, H , and Weekers, R Ztschr f Augenh 95 58, 1938 (b) Bellows 

J G, and Unnn, H Theories of Cataract, Arch Ophth 26 1066 (June) 1941 
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classification of these cataracts into three fairly well circumscribed groups, the 
diabetic, the tetanic and the dystrophic 

In the present study, in addition to the cataracts associated with tiyptophan 
deficiency and with experimental diabetes, some observations have been made on 
riboflavm-deficient rats and on the cataracts due to galactose and xylose As a 
result of these comparative studies, a classification of experimental cataracts is 
made, with the object of delimiting the individual groups of cataract 

OBSERVATIONS ON TRYPTOPHAN-DEFICIENT RATS 
Trj^ptophan is an indole aminopropionic acid and has the following structure 

— C— CH.^C— COOH 

N 

H 

It can be replaced in the diet only by a few other indole compounds, e g , 
indole pyruvic acid It has been known for many years that the absence of tryp- 
tophan from the diet results in the arrest of body growth of young animals ® In 
addition, some specific manifestations of the deficiency have been obseived In 
rats with experimental tryptophan deficiency, blindness with opacities in the ocular 
media was noted by Curtis, Hauge and Kraybill,® and the occurrence of cataract 
and vascularization of the cornea in this condition was reported by Totter and Day ^ 
In the present study, attention has been especially directed toward the morpho- 
logic character and mode of development of tryptophan deficiency cataiact and 
its association with lesions in certain other organs 

MATERIAL AND METHODS 

Both albino and hooded rats were used by Dr Holt and Dr A A Albanese m their 
experiments The rats belonged to two strains, of which one was bred as a mixed strain 
in the laboratory of the department of pediatrics and the other was an unidentified strain 
and had been obtained by Dr Albanese from an out-of-state source 

The dietary study was carried out as a “paired feeding” experiment, i e, the food intake 
of the control animals was restricted to that of the deficient animals of the same age in order 
to rule out inanition as a possible cause of symptoms The diet used by Dr Holt and Dr 
Albanese was compounded as follows protein (acid-hydrolyzed casein concentrate), 147 Gm , 
1-cystine, 1 5 Gm , sucrose, 150 Gm , starch, 420 Gm , agar, 20 Gm , salt mixture (see next 
paragraph), 20 Gm , hydrogenated cottonseed oil (Crisco), 190 Gm , brewers’ yeast (Mead 
Johnson), 42 7 Gm , Mead Johnson’s cod liver oil substitute, 50 Gm , and water to make the 
proper consistency 

The salt mixture used had the following composition sodium chloride, 18 9 Gm , dical- 
cium phosphate, anhydrous, 25 Gm , magnesium sulfate, anhydrous, 6 86 Gm , potassium 
bicarbonate, 44 4 Gm , potassium chloride, anhydrous, 2 88 Gm , ferric citrate U S P , 2 21 Gm , 
cupric sulfate, anhydrous, 024 Gm , manganese sulfate, anhydrous, 0 15 Gm , potassium 
iodide, 0 015 Gm , and sodium fluoride, 0 03 Gm 

The diet of the control animals was exactl> like that of the deficient animals except for 
the supplementation with 225 Gm of tryptophan per thousand grams of food 

In the first series of their experiment, in which were made most of the obsenations 
reported here, 8 animals of about 100 Gm body weight were placed on the deficiency diet 

5 Berg, C P , Rose, W C, and Marvel, C S , J Biol Chem 85 207 and 219, 1929 
Jackson, R W ibid 73 523, 1927 , 84 1, 1929 

6 (a) Curtis, P B , Hauge, S M, and Krajbill, H R J Nutrition 5 503, 1932 (b) 

Berg, C P , and Potgieter, cited bj Totter and Daj 

7 Totter, J R , and Daj, PL (a) J Biol Chem 140 cxxxiv, 1941, ft) J Nutrition 
24 159, 1942 

7-1 The substitute contains fish luer oil, sardine oil and maize oil plus viosterol 



BUSCHKE-EXPERIMENTAL CATARACTS IN RAT 737 

and a corresponding number on the control diet In addition, 4 adult albino rats of between 
200 and 300 Gm were placed on the deficiency diet 

In addition to this series, observations were made on the eyes of a larger senes (over 30) 
of similarly deficient and control rats These rats, however, were killed at various times 
during the experiment to provide material for the study of the systemic lesions Systema^c 
observations on the eyes of these animals were therefore not possible In general, the 
cataractous and corneal changes observed were the same as those systematically studied in 
the first serieS\ Reference will later occasionally be made to this larger series 

The animals were examined with the slit lamp about once a week, with the use of atropine 
mydriasis, and during the development of the cataracts they were examined every day 

For slit lamp observation the rats were examined on a stand, as shown in figure 1 For 
slit lamp drawings the rats were immobilized by subcutaneous injection of 0 25 cc per hun- 
dred grams of body weight of a 1 10 dilution of a commercial bulbocapnine solution ^ 

TRYPTOPHAN DEFICIENCY CATARACT 

This type of cataract has been observed only in young lats, nevei in adults 
It occurs in two moiphologically distinct forms, the acute and the chronic 



Fig 1 — Slit lamp examination of the rat’s eye 


Acute Type of Cataract — The acute type was observed in 3 of 4 young animals 
all of the same strain The general pathologic picture was as follows 

Seven to eleven weeks after the animal was placed on the deficient diet, a 
feathery opacity, with leaflike margins, developed in the posterior subcapsular 
cortex The suture lines were clearly visible and gaped slightly, and some medium- 
sized vacuoles were visible along the suture lines The final opacity was some- 
what denser at the periphefal margins than at the posterior pole of the lens 
(fig 2 A and B) 

While the opacities in the posterior cortex were developing, the anterior cortex 
and the nucleus remained clear. After the development of the posterior opacity 
short, spokehke opacities appeared in the anterior cortex near the equator, followed 
within four days by the development of a shell-hke, perinuclear opacity This 
consisted of innumerable fine motes, which gave a grayish, milky appearance to 
the anterior cortex (fig 2 C and D) The nucleus now rapidly became opaque, 

8 Richter, P , and Paterson, AS J Pharmacol & Exper Therap 43 677, 1931 
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and the pcnnucleai opaque zone became The antenoi sutuie lines gaped 

to become naiiowei again as the cataiact became mature (fig 2E and F) The 
cataract became mature within thiee weeks after the onset of the first changes 
Chiomc Type of Cataiact — ^This t3qDe of cataiact was seen in 3 of 4 animals 
of one strain and m 1 of the other stiain The general pathologic picture w^as 
as follows 



Fig 2 — Cataract associated with acute tryptophan deficienca ‘i, composite draw'ing of 
the posterior cortex and, B optical section in the first stage C composite drawing of the 
posterior cortex and, D optical section in the second stage E, composite drawing of the pos- 
terior cortex and, I , optical section in the third stage 



Fig 3— Optical section in a case of tr>ptophan dcfieiencv cataract, chronic form, in the lat 

Eiglit to ten weeks after the rat was placed on tlie tryptoplian-deficient diet 
tuzza opacities ajipeared along the anterior subcapsular suture lines, and the 
leather} structure of the superficial cortex liecame aisible Fine, dotted opacities 
appeared in the superficial portion of the cortex During the following w'eeks 
a fine network of cobweb-like opacities dc\ eloped in the anterior and the posterioi 
superficial portions ol the cortex (fig 3) and this /one of opacities gradualh 
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gained in depth Occasionally a few fine vacuoles weie visible in this zone The 
deep coitex and the nucleus lemained cleai, and the cataract did not matuie duiing 
the lifetime of the animal, i e, within thiee to nine weeks after the onset of the 
fiist changes 

In 1 rat a combination of the acute and the chronic t)]3e of cataiact was seen 
In this animal cobweb-hke opacities appealed in the supeificial coitex, and a flat, 
dense, leaflike opacity developed around the posteiioi pole of the lens Within six 
to eight weeks aftei the onset of the fiist changes, peimucleai and niicleai opacities 
developed m one eye, and the feathei} aiiangement of the fine supeificial coitical 
opacities became cleai ly visible The sutuie lines gaped HoweAer, the cataiact 
m the othei eye did not piogiess beyond the stage of the posteiioi polai 
opacity (fig 4) 

A)icst oj the Acute Cataiact by Suppleinentatwn of the Diet ivith Ti ypiophan — 
To 1 animal, tiyptophan Avas sigiplied at the time that the leaflike opacity had 
developed in the posteiioi subcapsulai legion of the lens in one eye 



Fig — Composite chawing of tryptophan deficiency cataract, combined foim, in the lat 

During the first five weeks after the supplementation of the diet, some snoAv- 
flake opacities appeared around the nucleai suture lines, and in one eye a flat, 
losettc-hke opacity dcAieloped at the anterioi nuclear surface (fig 5 A) HowcAiei, 
the cataiacts did not pi ogress further, and even during these first five weeks aftei 
supplementation of the diet a clear subcapsulai zone of fresh lens substance was 
deposited around the optically densei deep portion of the cortex This clear super- 
ficial zone was sepaiated fiom the deeper cortex by a dense zone of discontinuity 
(fig SB) In the following months the clear superficial zone became gradualh 
widei and pioduced the picture of a lens within a lens 

It IS of interest that AA''hen tryptophan was administeied to a deficient animal 
some fuither opacities of the lens developed even though the geneial condition 
•of the rat had begun to improve and the animal had started to gam Aveight It 
IS evident that some latent, irreparable damage to the lens fibeis had taken place 
aheady and led eventuall} to manifest opacities Similar phenomena are well 
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known m the realm of injuries due to actinic rays and have been reported also 
in cases of tetanic® and of galactose cataract® 

Histologic Studies — In the cataractous lens, globular degeneration of the lens 
fibers, particularly in the superficial cortex, was noted In addition, pronounced 
proliferation of the epithelium was seen in the cataract complicating acute tiyptophan 
deficiency 

Histochemical Tests foi the Piesence of Bound Indoles — ^Tryptophan and other 
indoles form colored products in the presence of aldehydes Tryptophan must be 
split off by hydrolysis from the protein molecule before it gives this reaction 



Fig S—A, composite drawing, and, B, optical section (other lens), of trjptophan deficienc\ 
cataract arrested bi supplementation of the diet with tryptophan 


The reagents eraplojed in the test are (1) the vanillin reagent, consisting of a 1 per cent 
solution of \’anillin in 50 per cent hjdrochloric acid, (2) concentrated hydrochloric acid, 
and (3) 3 per cent hjdrogen peroxide 

Method Paraffin sections of material fixed in solution of formaldehyde U S P are 
deparaffinized, carried tlirough the alcohols to water and dried between filter paper One 
drop of concentrated hjdrochloric acid is placed on the section and left there about one-half 
minute One drop of the ranillin reagent is added without the sections being rvashed, and 
one-half minute later 1 drop of 3 per cent hydrogen peroxide is added After some minutes 
tlic fluid IS drained off with filter paper, and the preparation is washed w'lth distilled water 
It can then be carried through the alcohols and xjJenc and mounted in Canada balsam A 
qualitatwclj' positne reaction is an intensch red color 


9 Darbj, W J, and Da\, PL T Eiol Chem 133 505, 1940 
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The histochemical test for bound indole, presumably tryptophan, in the cata- 
ractous lens of the tryptophan-deficient rat still gives a definitely positive reaction, 
even in the advanced stages of cataract Sometimes the reaction is slightly weaker 
than that in the control lenses, particularly in the cortex of the lens, but it has 
never been negative The result indicates that even in the advanced stages of 
tryptophan deficiency cataract no complete loss of bound indole from the proteins 
of the lens has taken place This method, however, does not lend itself to quanti- 
tative conclusions 

Changes ^ 7 ^ the Lens in Control Animals — The control animals were not main- 
tained on a normal stock diet but received the same diet as the tryptophan-deficient 
animals supplemented only with tryptophan, and the quantity was restricted to 
the food intake of the deficient lats 

In some of the control lats there developed minor changes in the lens which 
deserve special description The most impoitant lesions were abnormally visible 
deep cortical zones of discontinuity or thin zonular opacities The changes could 
not have been detected with an ophthalmoscope alone and were visible only with 
the slit lamp 

In order to find out whethei these lesions might be strain-specific, endogenous 
changes in the lens, 31 rats of the same strain aged from 3 to about 6^ months 
which had been kept on unlimited stock diet were examined Of these normal 
rats, onl> 1 showed a circumscribed reflecting zone in the deep cortex 

It IS thus likely that the zonular changes seen m some of the rats on a tryptophan 
control diet did not repiesent a hereditary type of lesion but, rather, were due 
to some exogenous damage associated with the difference between the tryptophan 
control diet and the ordinary stock diet The tryptophan control diet was not 
sufficiently inadequate in legaid to quality and quantity to produce progressive 
cataract or damage to the lens of such magnitude that it could not be overcome 
during the later growth of the lens However, the control diet may have exerted 
a transitoiy influence on the lens at an early period which was “outgrown” later 
by the normal growth of the lens from the periphery 

It IS possible that the lens-damaging factor or factors intrinsic to the tryptophan 
control diet predisposed to manifestations of damage to the lens encountered in the 
rats on the tryptophan-deficient diet It is not known which factor or factors 
these were Some connection with the quantitative restiiction of the diet, as used 
in the paired feeding technic, is possible 

LESIONS ASSOCIATED WITH TRYPTOPHAN DEFICIENCY CATARACT 

Changes in the Cornea — Vascularization of the cornea and keratitis were 
observed in tryptophan-deficient rats by Totter and Day^ In the tryptophan- 
deficient animals of Dr Albanese and Dr Holt, vascularization of the cornea was 
seen with the slit lamp in 6 of 8 of the young rats in the first series and in the 
majority of the rats of the second series In some rats weighing 40 Gm at the 
time they were placed on the deficient diet, vascularization was seen within ten 
days It also occurred in adult rats receiving the deficient diet In general, the 
vascularization of the cornea in the young rats was well advanced by the time the 
cataract developed Narrowing of the corneal vessels to invisibility was observed 
on examination with the slit lamp within a few weeks after supplementation of the 
diet with tryptophan None of the control animals in the paired feeding experi- 
ments shmved this vascularization 
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On examination -with the slit lamp the A^essels appeared as pi edominanti) supei- 
ficial loops oiigmating m the superficial peiilimbal plexus (fig 6) Often fine, 
straight sprouts arose fiom the vertex of a capillary loop and lan in a radial 
direction Under a high powei lens circulation of the blood could be seen in the 
widei loops 

Stud} of flat piepaiations of the cornea attei injection of mdia ink (method 
of Besse} and Wolbach showed under a higher power lens, that the fine sprouts 
arising fiom largei capillarj loops finalh bent toward similar spiouts arising from 
anothei capillary loop (fig 7) Obviousl}, new capillary loops are formed in 
this way 

Infiltration of the cornea w^as seen in some eyes of tryptophan-deficient lats 
It began sometimes around the vertex of capillary loops and in some cases the 
w'hole cornea became cloudy and “steamy ’ Occasional!} , m advanced stages the 
surface of the coinea appeared di\ 



I'lg 6 — Vascularization of the cornea associated with tryptophan deficiency in the i at 
Composite drawing with the slit lamp 

Histologic sections confiimed the predominantly supeificial location of the capil- 
lanes (fig SA) sometimes the epithelium w^as ev^en elevated In more advanced 
stages capillanes were also visible in the deeper layers of the stioma, togethei with 
pol} morphonucleai and loiind cell infiltration (fig 8 B) 

For comparison, I have studied the coineal lesions associated wuth iiboflaMii 
dcficienc} 

The diet of tlic nbofla\ m-deficient rats was made up of Smaco, a ntamm B complex-free 
hasat diet.ioa with the following supplements m the amounts stated per kilogiam of basal diet 
thiamine In drochlonde, S mg , p 3 ndo\ine Indrochlonde, 12 mg , calcium pantothenate 500 
me clioline chloride, 2,000 mg , nicotinic acid, 200 mg and inositol, 200 mg The diet of 
the control animals contained, in addition, 12 nig of riboflann per kilogram of basal diet 

The corneas weie examined with the slit lamp m flat prepaiations aitei injec- 
tion of India ink and in histologic sections On the basis of these studies, I can 

10 Bessej, C \ and Wolbach SB J Exper Med 69 1, 1939 

10a Ihe composition ot the Mtaniin B complex-free diet was as follows sucrose 68 per 
,^ent \itamin-irce casein 18 per cent \cgctablc oil S per cent, salt mixture no 2 L SB 
4 per ctiit and cod Incr oil 2 per cent 
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Fig 7 — Photomicrograph showing vascularization of the cornea associated with trjptophan 
deficiency in the rat Injection with india ink 



Fi£> 8 Photomicrographs showing corneal changes associated with tr 3 ptophan deficienc\ 
in the rat A, subepithehal vascularization, B, vascularization and round cell infiltration 
Hematoxylin and eosin stain 
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amply confirm the descriptions of earlier observers/^ but, contrary to the reports 
of Totter and Day,^ I was unable to note any significant differences between the 
corneal lesions in the riboflavin-deficient and those in the tryptophan-deficient 
animals 

Airest of Body Giowth tn Young Anwuils^ 

Alopecia and Otim Cutaneous Lesions — These changes occurred both in 
young and in adult rats Tottei and Day,^*^ using two different diets, observed 
cutaneous changes only with one of the diets Predisposing dietary factors other 
than tryptophan deficiency may play a role here, too 

Atrophy of the Testicles and Aspeimatogenesis^^ 

Lesions in the Incisoi T eeth — It is to be noted that the rat’s incisor teeth, 
like the lens, grow throughout life The relation of lesions in these teeth to 
tryptophan deficiency, howevei, demands further study 

COMMENT 

Relation of Oculai Lesions to Tryptophan Deficiency — Whether or not any 
of the manifestations are secondary to lesions elsewhere in the body cannot be 
decided It is certain that not all the observed manifestations can be secondar}- 
to changes in the testicles because castration does not produce similar symptoms 

A secondary inanition deficiency due to diminished food intake is unlikely 
because the experiment was carried out as a paired feeding experiment, and none 
of the control animals manifested any of the forms of cataract observed m the 
tryptophan-deficient animals 

Likewise, “cold cataract’’ and “salt cataract,” which have been observed 
in very young rats on exposure of the eyes, can be ruled out because the cataracts 
described in this study occurred in rats of 100 Gm body weight and the opacities 
were not reversible and did not develop as rapidly as those seen in such cataracts 

The possible role of predisposing dietary factors other than tryptophan defi- 
cienc}'- has already been discussed 

It IS of interest that vascularization and infiltration of the cornea have been 
observed with a great variety of conditions riboflavin deficiency, thallium 
poisoning,^^ vitamin A deficiency,^® zinc deficiency,^® sodium deficiency,®® lysin 
deficiency"'’ and deficiency of an unidentified factor of the vitamin B complex®' 
Recent observations with the slit lamp on a highly inbred strain of rats suggest 
that vascularization of the cornea occurs also in certain strains of rats as a geno- 

11 O'Brien, C S Experimental Cataract m Vitamin G Deficiency, Arch Ophth 8 880 
(Dec) 1932 Eckhardt, R E, and Johnson, L V Nutritional Cataract and Relation of 
Galactose to Appearance of Senile Suture Line in Rats, ibid 21*315 (Feb) 1939 Bessey 
and Wolbach^® 

12 (a) Buschke, W , Albanese, A A , and Folks, R H , Jr Federation Proc 1 175, 

1942 (h) Albanese, A A, and Buschke, W Science 95 584, 1942 (c) Totter and Day^’’ 

13 Shettles, L B Proc Third Ann Conf Biol Spermatozoa, 1942, p 28 

14 Buschke, Albanese and Folks Albanese and Buschke 12 b 

15 Goldschmidt, M Klin Wchnschr 6 635, 1927 

16 Goldmann, H, and Rabinowitz, G Klin Monatsbl f Augenh 81 771, 1928 

17 Ginsberg, S , and Buschke, A Klin Monatsbl f Augenh 71 385, 1923 

18 Wolbach, S B , and Howe, P R J Exper Med 42 753, 1^5 Bessey and 
Wolbach 10 

19 Folks, R H, Jr , Day, H G, and McCollum, E V J Nutrition 22 223, 1941 

20 Folks, R H , Jr , Orent-Keiles, E , and McCollum, E V Am J Path 33 504, 1942 

21 G^org^, P , Johnson, L V, and Eckhardt, R E, cited by Evans, E A The Bio- 
logical Action of the Vitamins, Chicago, Unucrsih of Clncago Press, 1942, pp 64-65 
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typical tiait when the animals aie leceiving normal diets Occasionally superficial 
blood vessels were seen m histologic sections of the cornea of old lats on normal 
diets, possibly as the result of trauma Furthermore, examination of laige numbers 
of stained flat preparations of the normal rat cornea not infrequently revealed fine 
capillaries in the peripheral stroma While the latter changes are not comparable 
to the massive vascularization of the cornea m rats with tryptophan deficiency 
and in some othei conditions, they signify that the lat cornea is particularly 
susceptible to vascularization, probably moie so than the human 

Special Featwes of Tryptophan Deficiency Cataract —Tryptophan deficiency 
cataract showed an outspoken variability among the rats of one age gioup and one 
species It occurred in at least two morphologically different forms an acute and 
a chronic This variability points to the importance of factors other than the experi- 
mental dietary deficiency alone in the development and shaping of this cataract 
Tryptophan deficiency cataiact is associated with several manifestations which 
have some relation to grow activity inhibition of body growth and manifesta- 
tions m epithelial tissues, which (like the crystalline lens) continue to grow through- 
out life (hair, testiculai epithelium) This points to the (direct oi indirect) 
importance of tryptophan m the metabolism of these growing tissues It may be 
noted in this connection that some indole compounds, chemically i elated to tiypto- 
phan, act as growth substances in plants (heteroauxms) 

The presence of these features and the absence of certain characteiistics of othei 
types of cataract permit a comparison of tryptophan deficiency cataract and othei 
experimental forms, which will be discussed in the next section 

CLASSIFICATION OF EXPERIMENTAL CATARACTS IN THE RAT 

In the introduction, it was pointed out that studies of the development of 
cataract, as obseived with the slit lamp, and of the allied manifestations elsewhere 
in the body may shed light on the pathogenic differentiation of experimental forms 
of cataract In the present paper tryptophan deficiency cataract in the rat has been 
described from these points of view It is of interest to compare these observations 
with those on other experimental cataracts in the same species 

In the accompanying table, the nine experimental cataracts of the rat thus far 
recognized have been classified on the basis of their morphologic and developmental 
features, as well as their allied manifestations The three mam groups of cataract 
in this classification are the diabetic, the tetanic and the dystrophic Studies on 
cataracts of the diabetic group will be reported on later in more detail 

The table may be briefly discussed Tryptophan deficiency cataract has in com- 
mon with thallium cataract and with riboflavin deficiency cataract its outspoken 
variability and its association with inhibition of body growth and with manifestations 
in certain othei organs, namely, the cornea, the skin and the testicles The histo- 
pathologic changes m the skin associated with experimental riboflavin deficienc} 
have been described by Sullivan and Nicholls,"® and the observations in the testicles 
and other organs, by Shaw and Phillips The allied manifestations occuiiing with 
thallium poisoning have been reviewed by A Buschke and Peisei 

Although some of the allied manifestations of this group of cataracts are 
observed als o with tetanic caatract, the latter is characterized by the chemical changes 

^ ^ I ’ Erxleben, H Ztschr f physiol Chem 228 90, 

1 VOt 

23 Sullivan, M , and Nicholls, J J Invest Dermat 4 181, 1941 

24 Shaw, J H , and Phillips, PH J Nutrition 22 345, 1941 

25 Buschke, A , and Peiser, B Ergebn d allg Path u path Anat 25 1, 1931 
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111 the blood (low calcium-phosphate latio) and by the neui omiisculai hypei- 
excitability, characteristic of tetany In both forms of experimental tetany the 
appearance of the coitical opacities of the lens is linked closely with individual attacks 
of tetany rather than with some chronic dystrophic condition This is the reason 
foi the /ionulai ai i angements of the opacities, fiequently noted in cataiact asso- 
ciated ivith expel imental tetany-'' (fig 10) 

On the otliei hand, galactose and xylose cataiact and cataract associated with 
expel imental diabetes are chai acteriaed by the high monosaccliai ide conceiiti ation 
of the blood-' and bi the associated polyuiia and polydipsia-’^ In addition, these 
three types of cataiact aie chai actenzed by the occurrence of a great nunibei of 
vacuoles and clusteis of lacuoles at the equatoi and in the supeificial coitex of 
the lens at some stages of the development of tlie cataiact Figuie 11 may seive 



Fig 9— Cataract pioducccl by chronic thallium poisoning in the rat (from Donski, J 
Aich f Ophth 128 294, 1932) A, early stages, B, later stages 


to illustiate this Iheie is stioiigU suggestne evidence that osmotic distui bailees 
plav an important lole in the pathogenesis of the diabetic gioup of cataiacts 
Allied manifestations of naphthalene cataiact liave been desciibed mainl}'' in 
the labbit, though the occurieiice of this cataiact has also been lepoited in the rat 
The obsenations on early naphthalene poisoning can be summarized as follows 


26 ia) Goklmann (/;) von Bahr, G Acta ophth, 1936, supp 11, p 1 (c) Sieenst A 

Dcr graue Altersstar, Berlin, Urban & Schwarzenberg, 1928 ' ’ 

27 ta) Day'* (b) Day, P L J Nutrition 12 395, 1936 (c) Richter, 

C P, and Schmidt, E C H, Jr Endocrinology 28 178 1941 

Weekers^a (b) Sasaki, T .Vrch f Ophth 138 351, 365 and 380, 

29 B4l ' ^ ^ ^ J 133 

29 Goldmann, H Khn klonatsbl f -kugenh 83 433 1929 
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1 Disturbances in the early phases of carbohydiate metabohsm These include 
transitory hyperglycemia , disturbance of phosphorylative processes in the lens,®^ 
and increase in the lactic acid content of the lens, aqueous and blood 

2 Distuibances of the ledox substances of the lens formation and excietion 
of mercapturic acid by the binding of sulfydryl compounds , loss of sulfydryl 
compounds from the lens , loss of ascorbic acid from the aqueous a few houi s aftei 
poisoning,®® and loss of reducing powei of the lens against ascorbic acid 

It IS likely that these two groups of manifestations of naphthalene poisoning 
are i elated to each other Obviously, some of these manifestations point to a 



Fig 10 Cataract associated with experimental tetany in a parathyroidectomized rat (from 
Goldmann^) A, earlj stage, B and C, later stages 

pathogenic relation to the diabetic gioup of cataiact, howevei, the appearance with 
the slit lamp and the absence of conspicuous pol} dipsia indicate that osmotic dis- 

30 Michael, D , and Vancea, P Klin Monatsbl f Augenh 78 285 1927 Komura, K 
Arch f Ophth 120 766, 1928 

31 J-Iullcr, H K 'Krch f Ophth 140 191, 1939 

32 Bourne, M C, and Young, L Biochem J 28 803, 1934 Stekol T A T Biol 

Chem 110 463, 1935, 121 87, 1937 , J J 

33 Muller, H K, and Buschke, W Arch f Augenh 108 368, 1934 

34 Muller, H K Arch f Augenh 109 304, 1935 
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turbances play a less important role m the production of naphthalene cataract At 
present, this cataract must be left unclassified 

On the basis of the special features of the cataracts and of their allied mani- 
festations, tryptophan deficiency cataract must be differentiated both from the 
diabetic and from the tetanic group of experimental cataracts in the rat On the 
other hand, it can be classified with thallium cataract and with the cataract develop- 
ing in the presence of riboflavin deficiency, and these cataracts may be said to 
constitute the dystrophic group 



Fig 11 — A and B, cataract associated with exjierimental diabetes in pancreatectoinized 
rats (from Richter and Buschke, to be published) C, cataract produced in a 55 Gm rat fed 
a SO per cent galactose diet for four days The drawing was made eight days later D, 
cataract produced in a 38 Gm rat fed a SO per cent xylose diet for six days The drawing 
was made five days later 


Among the symptoms of cataracts of the dystrophic group just enumerated are 
vascular and inflammatory reactions, which are not commonly classified as dys- 
trophic Similar lesions, however, are well known features of various deficiency 
diseases, both in men and in experimental animals The occuirence of such symp- 
toms, e g , keratitis, corneal vascularization and dermatitis, as part of certain 
syndromes which are characterized by other, more familiar, dystrophic signs should, 
therefore, occasion no surprise 
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THE DYSTROPHIC GROUP OF CATARACTS 

Ihe similai of the distribution of manifestations of the dj'^stiophic gioiip ot 
cataracts and the embiyonic i elation of some of the aftected stiuctures suggest a 
metabolic i elation both of the affected tissues and of the vauous syndiomes 

Accoidmg to Bietti,"*’’’ rats can be piotected against cataract and other manifesta- 
tions of thallium poisoning b}'^ hi ewers’ yeast and, to a lesser degree, b) liver 
injection N N R, by autoclaced hi ewers’ yeast oi by pine riboflavin The 
stiong piotective effect of bieweis’ yeast against the cataiact was found to be 
confined to thallium cataiact, and practically no piotection against the cataiacts 
pioduced by naphthalene, galactose, lactose and alimentary hypocalcemia was 
observed 

In a subsequent repoit the human “metabolic” cataiacts yill be coii elated with 
the classification of experimental cataracts suggested heie, and the i elation of 
human d3'’sti opine cataracts to expeiimental dystrophic cataiacts will be discussed 

SUMMARY 

Cataiact associated yith ti3'ptophan deficienc3 occuis m at least two foiins, 
the acute and the chronic Details of the morphologic chaiacter and development 
ot the cataract aie described Arrest of the cataiact associated with acute tiyptophan 
deficiency b3’ administiation of tr3ptophan has been obseived No complete loss 
ot bound indole occurs e\en in the advanced stages of tiyptophan deficienc3'^ cataiact 

Cataiacts associated with tr3ptophan deficienc3% nboflavin deficiency and thal- 
lium poisoning are similai with respect both to the piesence of allied symptoms 
in the cornea, skin and testicles and to certain moiphologic and developmental 
features by which the3 are distinguished from diabetic and tetanic cataracts 

On the basis of their moiphologic chaiactei and development and of the 
allied s3anptoms, a classification of the expeiimental cataiacts in the rat is suggested 
1 he three principal groups in this classification are the diabetic, the tetanic and the 
d3strophic groups The diabetic group includes galactose and xylose cataracts 
and cataiact associated wnth experimental diabetes, the tetanic gioup, the cataiacts 
occurring in the couise of dietar3r and postoperative tetan3, and the dysti opine 
gioup the cataracts accompanying riboflavin deficiency, chionic thallium poisoning 
and tryptophan deficienc3' 

Tile slit lamp drawings of cataracts and corneal %asculan7ation associated with tr^jitophaii 
deficicnci and of the cataracts in diabetes and those produced by galactose and x^lose diets 
were made b\ Mrs Annette S Burgess 


35 Bietti G Aled sper, Aich ital 7 3, IWl , abstracted, Zentialbl f d ges Ophth 46„ 
502, 1941 



DYSTROPHIC CATARACTS AND THEIR RELATION TO 
OTHER “MEIABOLIC” CAIARACTS 


WILHELM BUSCHKE, MD 

BAI TIMORL 

In the vaiious papeis on cataiact, generalizations concerning cataiact as the 
lesult of local oi geneial nntiitional chstmbances, endocrine disturbances, osmotic 
distui bailees and otheis have led to much confusion In a previous paper ^ I 
outlined a classification of expeiimental cataiacts as diabetic tetanic and d^stiophic, 
on the basis of their allied manifestations and developmental featuies The object 
of this papei is to coi relate this classification ^’vlth the “metabolic” cataracts obseived 
in human beings and, in paiticular, to discuss the i elation of the experimental and 
the clinical cataracts of the dystiophic group The object of this classification is 
not primal il)^ a diagnostic one, but is the unification and diffei entiation of featuies 
which should help in delimiting the vaiious gioups of cataiact and the consideiation 
of these gioups Irom the standpoint of the difference in pathogenesis 

In the bibliographic analysis - that follows, attention has been especially focused 
on the dystiophic gioup The diabetic and the tetanic gioup aie piesented biiefly 
chiefly foi pui poses of contiast 

BIBLIOGRAPHIC ANALYSIS OF lYPES OF CATARACT 

Theie aie some forms of cataiact, e g, those associated with dmitiophenol and 
with ergot poisoning, which m the piesent state of knowledge show no i elation 
whatever to any one of the thiee groups which have been diftei entiated m this 
discussion Of the unclassified forms, only the cataiact due to damage from 
loentgen lays is discussed, this foim is described biiefly to illustiate the possibility 
that fuithei knowledge maj establish a i elation between damage pioduced bv 
loentgen rays and the dysti opines 

I The Diabetic Group 

1 True diabetic cataiact m man ‘ 

2 Expeiimental diabetic cataract in clogs ' and lats ' 

Fiom the Wilmer Ophthalmological Institute of the Johns Hopkins Univeisity School 
of Medicine 

1 Buschke, W Classification of Experimental Cataiacts in the Rat Recent Observa- 

tions of Cataract Associated with Tryptophan Deficiency and with Some Other Exuerimental 
Conditions, Arch Ophth 30 735 (Dec ) 1943 ^penmental 

2 No attempt is made here to give a complete bibliography of tiie hteratuie on “metabolic’^ 
cataracts and on theories of cataract formation The reader may be refen ed to reviews and 
discussions by the following authors (o) Siegiist, A Der graue Aitersstar, Berlin Urban 

Schwarzenberg, 1928 (b) Bourne, M C Physiol Rev 17 1, 1937 (c) Bellows J G 

and Chinn, H Theories of Cataract, Arch Ophth 26 1066 (Dec ) 1941 (d) Duke-Elder’ 

W S Textbook of Ophthalmology, St Louis, C Mosby Companj, 1941, vol 3 

T ,^Ionatsbl f Augenh 70 45, 1923 O’Brien, C S , Molsberry, 

M , and Allen, J H Diabetic Cataract Incidence and klorphology in One Hundred 
and Iwenty-Six Young Diabetic Patients. JAMA 103 892 (Sept 22) 1934 

4 Chaikoff, L , and Lachman, G S Proc Soc Exper Biol & Med 31 237, 1933 

5 Richter C P , and Buschke \V To be published 
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3 Lactose and galactose cataract in rats,® rabbits ^ and mice 

4 Xylose cataract in rats ® 

The most conspicuous allied manifestations ^ are increased appetite, polydipsia 
and polyuria and a high monosaccharide concentration in the blood A char- 
acteristic morphologic feature of the cataracts due to galactose and xylose and to 
experimental diabetes in the rat is the accumulation in clusters of a large number 
of cortical and subcapsular vacuoles, particularly at the equator of the lens, in some 
stages ^ It IS suggestive that the subcapsular vacuoles which are seen in large 
numbers in some cases of human diabetic cataract, and which have been stated to 
be characteristic by some authors,® are the equivalent of the much more massive 
vacuolar changes in the experimental cataract forms of this group 

The evidence points strongly to osmotic disturbances as a pathogenic factor 
in this entire group of cataracts This possibility has been noted before in con- 
nection with individual members of the group 

II The Tetanic Group 

1 Cataract associated with postoperative hypoparathyi oidisin in man 

2 Cataract associated with idiopathic tetany in man 

3 Cataract associated with experimental postoperative hypoparathyroidism 
in dogs,^® rats and rabbits 

4 Experimental dietary tetanic cataract in rats and rabbits 

5 Possibly some zonular cataracts 

It is possible, but so far undecided, that the cataracts which have been observed 
in cases of Gee-Hertei disease (Herter-Heubner disease, intestinal infantilism, 
celiac disease, nontropical spiue) and which are accompanied by tetany belong 
to the tetanic group The same may be said of cataract associated with 
osteomalacia 

The most conspicuous allied manifestations are neuromuscular hyperexcitabihty 
and a lowered ratio of calcium to phosphate in the blood This group of cataracts 
has some allied disturbances (lesions of the skin, hair, nails and teeth) in common 
with cataracts of the dystrophic group 

6 Mitchell, H S, and Dodge, W M J Nutrition 9 37, 1935 Yudkin, A M, and 
Arnold, C H Cataracts Produced in Albino Rats on a Ration Containing a High Proportion 
of Lactose or Galactose, Arch Ophth 14 960 (Dec ) 1935 

7 Unpublished observations 

8 Darbj, W J, and Day, P L Proc Soc Exper Biol & Med 41 507, 1939, J Biol 
Chem 133 503, 1940 

9 (o) Meesrmnn, A Die Mikroskopie des lebenden Auges an der Gullstrandschen Spalt- 

lampe, Berlin, Urban S. Schwarzenberg, 1927, p 123 {b) Duke-Elder, W S Recent 

Adiances in Ophthilmolog\ , ed 3, Philadelphia, P Blakiston’s Son & Co, 1934, p 336, foot- 
note 2 d, ■p 3206 

10 Sullmann, H , and Weekers, R Ztschr f Augenh 95 58, 1938 Bakker, A Arch 
f Ophth 140 531, 1939 Bellows and Chinn 2c Duke-EIder,Bb p 354 Duke-Elder, 2 d p 3208 

11 ReMe\\ed bj (o) ^on Bahr, G Acta ophth, 1936, supp 11 , p 1 {b) Meesmann, A 

pocalcaemie und Linse, Stuttgart, Ferdinand Enke, 1938 (c) Duke-Elder 2 d 

12 Siegrist2!i Duke-Elder 2 d 

13 (a) Erdheim, J Mitt a d Grenzgeb d Med u Chir 16 632, 1906 (b) Goldmann, 

H Arch f Ophth 122 146, 1929 

14 S^\•an, K C, and Salit, P W T Ophth 24 611, 1941 

15 \ on Bahr Meesmann 

16 Bennett, T I , Hunter, D , and Vaughan, J M Quart J kled 1 603, 1932 Ban- 
gerter, A Ophtlialmologica 98 291, 1940 

17 !Maxvell, J P, and Pi, H T Proc Roj Soc Med 33 777, 1940 
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A moiphologic and developmental featuie of the tetanic group is the zonular 
development of the opacities in connection with the pei iodic action of the damaging 
factor 01 factors in the experimental cataracts^® and probably m some clinical 
foinis/" and the close time i elation between the development of the opacities of 
the lens and the occurience of the systemic changes typical of tetany 

It IS of interest in this connection that cyclic changes m activity, mood and 
ciavmg foi calcium associated with both experimental and clinical tetany have 
been obseived^” 

III The Dystiophic Gioup 
A Experimental conditions 

1 Catai act associated with expei imental i iboflavin deficiency m i ats 

2 Cataract due to chiomc thallium poisoning in lats and mice 

3 Cataract associated with expeiimental tiyptophan deficiency in lats^ 

B Clinical cataract syndiomes with predominantly atiophic dermatoses 

4 Cataracta syndeimatotica associated with poikilodeima vasculaie 

atrophicans (Rothmund syndrome) ““ 

5 Cataracta syndeimatotica associated with scleiodeima (Weinei 

syndiome) 

C Clinical catai act syndiomes with atopic deimatitis 

6 Cataracta syndeimatotica with atopic eczema, neuiodeimatitis, chioiiic 
neuiodermatitis (Anclogsky syndrome) -■* and Besmei’s piurigo with 
ichthyosis 

D Clinical catai act syndiomes associated with othei cutaneous conditions 

7 Catai acta syndeimatotica in laie cases of keiatosis follicularis (Daiiei’s 
disease), telangiectasis and myxedema*® 

8 Cataract with developmental anomalies of the haii, such as cuily haii 
and aplasia pilai is *^ 

E Othei clinical cataract syndiomes of the dystioiDhic gioup 

9 Cataract associated with mongolism 

10 Catai act associated with dystiophia myotonica 


18 Siegnst Duke-Elder Goldmann 

19 Richter, C P , Honeyman, W M , and Huntei, H J Neurol & Psychiat 3*19, 1940 

20 Reviewed by Cosgrove, R W , and Day, PL Am J Ophth 25 544, 1942 Cataract 
has recently been observed also in pigs on riboflavin-deficient diets (Wmtrobe, M M , Buschke, 
W , Folks, R H, Jr, and Humphreys, S To be published 

21 Reviewed by (a) Buschke, A , and Peiser, B Ergebn d allg Path u path Anat 

25 1, 1931 (b) Donski, J Arch f Ophth 128 294, 1932 

22 Reviewed by Schnyder, F W Schweiz med Wchnschr 16 719 1935 

Siegnst 2a Oppenheimer, B S , and ICugel, W H ’Am J M Sc 202 
629, 1941 Agatston, S A , and Gartner, S Precocious Cataracts and Scleroderma (Roth- 
mund s Syndrome , Werners Syndrome) Report of Case, Arch Ophth 24 492 (March) 1939 

24 Reviewed bj' Beetham, W B Atopic Cataracts, Arch Ophth 24 21 (July) 1940 

25 Kugelberg, I Klin Monatsbl f Augenh 92 484, 1934 

Tj Franceschetti, A, in Schi'eck, F, and Bruckner, A Kurzes 

Handbuch der Ophthalmologic, Berlin, Julius Springer, 1930, vol 1, p 754 

datf^ >^'eden, A Zentialbl f Augenh 11 353, 1887 Fnedenwald, J S Unpublished 

28 Lowenstem, A Klin Monatsbl f Augenh 76 539, 1926 

29 Weiner, S Acta ophth 6 382, 1928 Papastratigakis, C Pans med 12 475 1922 

Cederkreutz, A Zentralbl f Haut- u Geschlechtskr 21 841, 1927 

30 Reviewed by van der Scheer, W M Klin Monatsbl f Augenh 62,155 1919 

OPM, MVo.on.ca. Arch 
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CATARACTS OF THE DYSTROPHIC GROUP 

A brief discussion of the vaiious cataracts of the dystrophic gioup follows, 
with some bibliographic references 

A EXPERIMENTAL CONDITIONS 

1 Riboflavin Deflaency — Cataract Day and associates observed cataract in 
animals fed a diet deficient in the heat-stable fraction of the vitamin B complex 
then called vitamin G The incidence of this form of cataract varied fiom 
zero to almost 100 pei cent in various laboratories The possible role of 
the susceptibility of special stiains has been pointed out 

The specific relation of the cataract to riboflavin has been demonstiated b} the 
2>rotective and curative (arresting) effect of this substance®* Howevei, the 
relation of this cataiact to riboflavin deficiency is not simple, while some authois 
have claimed that the small amount of riboflavin present in certain caseins ma^ 
explain failuie to produce cataract,®® others have asserted that the incidence of 
cataract is higher if traces of riboflavin are added to diet 

It appears that a factor or factois other than riboflavin may influence the 
manifestation of this cataract With this qualification, one may speak of a iiboflavin 
deficiency cataract 

According to O’Brien,®-'^ the development of the cataract does not follow am 
rule Nuclear, cortical and anterior and posterior subcapsular opacities weie 
observed m various combinations in diffeient animals, and even in the two eyes 
of the same animal 

Other manifestations Signs of riboflavin deficiency in the organs are (1) 
arrest of body growth ®G (2) dermatosis with alopecia®®, (3) keratitis®®, (4) 
lesions of the testicles®®, (5) nerve lesions,®® and (6) lesions in the endociine 
organs, such as the thymus ®® 

2 Eipciimcntal Chionic Thallium Poisoning — Cataract Cataract m rats and 
mice with chronic thallium poisoning was observed by A Buschke ‘® 

The cataract begins with anterior subcapsular changes The cortex becomes 
progressively opaque, suddenly perinuclear and fine nuclear clouding occurs 

rhallium cataract did not develop m older rats Some mvestigatois were not 
able to produce mature thallium cataract,’* and still others observed great individual 

32 (o) Daj, P L , Langston, W C, and O’Brien, C S Am J Ophtli 14 1005, 1931 

{h) O’Brien, C S Experimental Cataract in Vitamin G Deficiency, Arch, Ophth 8 880 
(Dec) 1932 (c) Da>, P L J Nutrition 12 395, 1936 (d) Day, P L, and Langston, 

C ibid 7 97, 1934 

33 (ct) Cosgro\c and Daj =» (6) Gjorgy, P Biochem J 29 741 1935 (c) Bourne, 

M C, and Pjke, 2^1 A ibid 29 1865, 1935 (d) Bessey, O A, and Wolbach, S B 

J Exper Med 69 1, 1939 (c) Richardson, L R , and Hogan, A C , cited by Bessey and 

Volbach (/) Eckardt, R E, and Johnson, L V Nutritional Cataract and Relation of 
Galactose to Appearance of Senile Suture Line in Rats, Arch Ophth 21 315 (Feb ) 1939 
(p) Footnote 32 

34 Da>, P L , Darbv, W J , and Cosgro\e, K W J Nutrition 15 83, 1938 

35 D^^, P L and Darb\, \V J Biochem J 32 1171, 1938 

36 Baum H M , Michaelree, J E, and Brown, E B Science 95 24, 1942 

37 Kuhn R , Rud%, H, and Wagner-von Jauregg, T Ber d deutsch chem Gesellscb 

66 1950, 1933 

38 Sullnan, M, and Nicholh, J J Imest Dermat 4 181, 1941 

39 Shaw, J H, and Phillips, PH J Nutrition 22 345, 1941 

40 Buschlc ^ Arcli f Dermat u Sjph 116 477, 1913 

41 a on Mcllin Expenmcntelle Untcrsuchungen fiber die Entstehung des Thallium- 

Stare^ neb't Bemerkuugen fiber cine ncue aercrbbarc und angeborene Starform bei weissen 
Ratten, Munich, K. Albcrrstoettcr, 1926 
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differences in the development of the cataract and familial vaiiation in suscepti- 
bility^', in paiticular, the lapidity with which the opacities developed was subject 

to familial variation , r i i 

Other Manifestations Changes in other oigans aie (1) arrest ot body 

growth (2) alopecia (3) keratitis and coineal vascularization , (4) 
iritis^"'", (5) testicular lesions (6) lesions m othei endociine organs,^^'^ includ- 
ing the adrenals, the thyroid, the panel eas, the islets of Langei hairs and the para- 
thyroids, (7) nerve lesions (8) rachitic changes in bone,-^^ and (9) inflam- 
matory and metaplastic changes in the gastrointestinal tract 

3 Expm miental Ti yptophan Deficiency — Cataract The morphologic featui es 
and development of this cataract have been described in a previous report^ An 
acute and a chronic type of cataract have been observed The acute type involves 
first the cortex and later the perinuclear and nuclear zones The chronic type 
IS confined to the cortex 

Allied Manifestations Changes in other organs are (1) arrest of body 
growth (2) corneal vascularization and keratitis (3) cutaneous lesions and 
alopecia,^^ and (4) testicular atrophy and aspermatogenesis Lesions in the 
incisor teeth have been observed, too, in animals on a tryptophan-deficient diet , 
the relation of these lesions to tryptophan deficiency demands further study 

The occurrence of a hypochromic anemia m animals on tryptophan-deficient 
diets has been reported 

Histopathologic studies which are being carried on by Di L Emmett Holt Jr 
and his associates may reveal other pathologic manifestations of tryptophan 
deficiency, in addition to those mentioned here 


B CLINICAL CATARACT SYNDROMES WITH PREDOMINANTLY 

ATROPHIC DERMATOSES 


4 Rothmund Syndrome — Cataract The cataract develops rapidly in eaily 
childhood (between the second and the sixth year of age) and becomes mature 
within a few days to months It begins in the anterior and the posterior cortex 
(Siegnst^a) Later the nucleus becomes milky, and a dense permucleai, shell- 
hke opacity is formed 

Other Manifestations Changes m other organs aie (1) deimatosis poikilo- 
derma vasculare atrophicans (Jacobi) and (3) atrophy and underdevelopment of 
the gonads in both sexes 

The disease is probably inherited as a recessive 

5 Weiner Syndrome — Cataract The cataract develops m the third or fourth 
decade of life Opacities of various sizes are seen in the posterior and the anterior 


Tvr S , and Buschke, A Khn Monatsbl f Augenh 71 385, 1923 (b') 

Mamoh, L Ann di ottal e clin ocul 55 35, 1927 ^ ^ 

^ Chem 140 cxxxiv, 1941, (6) J NutnUon 

1 I7f ’194? I R H, Jr Federation 

* (d) Albanese, A A, and Buschke, W Science 95 584, 1942 

A ^ ^ ^ S J Biol Chem 85 207 and 219 1929 

45 Shettles, L B Proc Ann Conf Biol Spermatozoa, 1942, p 28 

46 Buschke and associates 

\ ^ ^ McI, and Holt, L E, Jr Science 97 312 1943 

‘ « lllS9,-i’868 Sew" R ' zlchr f 

mi S SA WmToiI " Sp*Iamp<,„m,kroskop,e des lebenden Aug«, Berlin, 

K,et StodA Kl'lPg, IW ™‘ Sklerodermie, Inang D.asert, 
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cortex, larger opacities, in the form of “biead crumbs,” are seen at the posterioi 
pole (Kugelberg -=) Nuclear cataract has been desciibed, in addition to cortical 
opacities 

Occurrence of the disease m siblings and m several geneiations of the same 
family has been reported 

Other Manifestations Changes m other oigans are 1 Dermatosis sclero- 
derma , changes in the hair, such as prematui e graying and baldness,®- and 
ulcers 2 Atrophy of the testicles and aspermatogenesis , premature sexual 
involution in the female 3 Endocrine manifestations hyperparathyroidism , 
adenomas of th 3 T 0 id and adrenal cortex, abnormal blood sugar curve 4 Keratitis 
bullosa 

Maichionmi and Lux ”■* described a case of scleropoikilodeima (Arndt-Jafte) 
with anterioi and posteiior cortical and subcapsular cataiact m a patient aged 30 
Chnicall} and histologically the skin exhibited featuies of sclerodeima and poikilo- 
derma, and changes in the endocrine glands similar to those associated with 
sclerodeima were noted 

Possibly the few instances of cataract in cases of telangiectasis of the skin of 
the face, hands and arms (Nieden, Friedenwald -') also belong m this group 

C CATVRACT SYNDROMES WITH DERMATOSES OE THE ATOPIC DERMATITIS TYPE 

6 Andogsky Syndi ome — Cataract Two types of cataract have been described 
(Beethani *““) The one staits at the posterior pole, spieadmg latei to the anterior 
cortex and the nucleus , the other begins as an anterior subcapsulai rosette, in which 
a dense, umbrella-shaped opacity with concave margins develops Later the 
anterior and the posterior coitex become opaque, and the cataract matures within 
several months or years It occurs m the second or third decade of life 

Othei Manifestations Changes in other organs aie 1 Superficial keratitis®' 
(keratitis epithehahs vesiculosa disseminata, keratitis superficialis punctata) It 
appeals concomitantl}'^ with the attacks of eczema Subjective symptoms may be 
insignificant, and the corneal changes may escape notice without the use of the 
slit lamp 2 Dermatosis'® atopic dermatitis (synonyms atopic eczema, lichen 
chroniciis [Vidal], puiugo dxathesiqiie [Besnier] , nemodenmte diffuse [Brocq- 
Jacquet] atopj [Coca] , allergic eczema on a constitutional basis [Juelg]) 

No unequnocal evidence for the presence of endocrine disorders could be found 
in the literature, although claims to that effect haY e been made -® 

1 Manifestations of lij perscnsitn eness, either m the patients themselves or in 
their famih — (asthma, ha) fe\er, eosmoplulia, multiple cutaneous reactions) 

50 )’ossu]s, K Ztschr f Augcnh 43 640, 1920 

51 (n) Footnote 23 (5) Mamou, H Sclerodermic et cataracte. Thesis, Pans, 1931 

(<r) Krebs F Hartinnin, E, and Thicbaut, F Rc\ neurol 53 606, 1930 

'>2 erner Footnote 51 

53 Kleiber Klin Vonatsbl f Augcnh 65 923, 1920 , 

54 Mirchionini, A, and Lux, L Arch f Dermat u Sjph 176 309, 1937 

=15 \ndogsk^, X Khn Momtsbl f Augcnh 52 842, 1914 

56 (a) Bectlnni-* (l>) Kugelberg (c)Vogt, \ Schweiz med Wchnschr 51 669, 

1921 (d) Vogt,-'*' r 557 

57 Voct,'*’' 1930, ^ol 1 p 170 Pillat, A Wien khn Wchnschr 50 768 1937 

58 (o) Coca \ F Specific Diagnosis and Treatment of Allergic Diseases of Skin, 

7 \ M \ 103 1275 (Oct 27) 1934 (b) Footnote 56 

-9 Bictham Gucellicrg 
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No evidence for an allergic origin of the cataiact could so fai be adduced 
There now exists geneial agreement as to the familial character of the atopic 

deimatitis®^ , 

Kugelberg described cataiact in association with ichthyosis vulgaiis, besniei s 

prurigo, hypogenitalism and developmental lesions of the teeth The cataract 
appeared in the form of iriegularly disseminated fine opacities, both in the anteiior 
and in the posterior cortex, predominantly subcapsular The cutaneous lesions 
occurred in seveial members of the family Whether the combination of manifes- 
tations described by Kugelberg is due to coincidence or to a combination of two 
hereditary syndromes may be left open to question 

D CLINICAL CATARACT SYNDROMES ASSOCIATED WITH OTHER 

cutaneous conditions 

7 Cataiact Associated zvith Keiatosis Folhculans (DaiieCs Disease Telan- 
giectasis-'^ and Myxedema — The association of cataiact with myxedema is 
commonly referred to m papers on metabolic or dysti opine cataiact I found only 
5 cases m the hteiatuie In 3 of these 5 cases othei causes (tetany, senile cataiact) 
were not ruled out In view of the relative fiequency of myxedema and cietimsm, 
one would expect a more fiequent occuiience of cataract in either of these con- 
ditions if thyroid insufficiency were a primary factor m the development of cataract 

8 Cataiact Associated with Anomalies of the Hair-° — A few scattered obseiva- 
tions have been made on the association of anomalies of the haii (curly hair , alopecia, 
and aplasia pilaris) with juvenile cataiact 


E OTHER clinical CATARACT SYNDROMES OF THE DYSTROPHIC GROUP 


P Cataiact Associated with Mongolism — The most frequent form of cataract 
associated with mongolism is the ‘^cataiacta punctata disseminata,” or “snowflake 
cataract” A great number of dothke or flakehke opacities appear either thiough- 
out all the layers or only m the cortex In addition, a star of intensely white 
opacities appeals near the anteiior or the posterior pole of the lens In a senes of 
60 patients with mongolism, van der Scheer found cataract in none under 8 years 
of age, in 61 per cent of the patients from 8 to 17 years of age and in 100 per cent 
of the patients beyond 17 years of age This indicates that peisons with mongolism 
are liable to have cataiact if they live long enough, i e , beyond the age of 17 yeais 
However, such persons die at an average age of 14 years, and 40 5 per cent die 


60 Brunsting, L A Atopic Dermatitis (Disseminated Neurodermatitis) of Young 
Adults Analysis of Precipitating Factors in One Hundred and One Cases and Report of 
Ten Cases with Associated Juvenile Cataract, Arch Dermat & Syph 34 935 (Dec ) 1936 
Daniel, R K Allergy and Cataracts, Tr Sect Ophth , A M A , 1935, p 50 Woods, A C , 
in discussion on Daniel, p 55 Beetham 24 


61 (a) In order to avoid misunderstandings, I refer here to the classification of derma- 
toses associated with hypersensitivity by Coca and Sulzberger ssa (j) atopic dermatoses, 
of familial occurrence, (2) contact dermatitis, nonfamilial, and (3) fungous dermatitis, or 
eczematous dermatophytosis It is to be understood that the cataract syndrome under dis- 
cussion hasHo do with the first of these three conditions (&) Holt, L E , Jr , and McIntosh 

R Diseases of Infancy and Childhood, ed 11, New York, D Appleton-Century Company 
Inc, 1939 i 

62 (c) Lowenstein 28 (fc) Callen, P A Tr Am Ophth Soc 7 391, 1895 (c) Dutoit, 

^ Augenh 32 139, 1914 (d) Cantonnet, M A Ann d’ocul 143 475, 1920 

C) Nitzulescu, J Zentralbl f d ges Ophth 15 847, 1926 

63 Pe^ce, F H Rankin, R , and Ormond, A W Brit M J 2 186, 1910 Ormond, 
A W Tr Ophth Soc U Kingdom 32 69, 1911 
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even before the age of 5 years The more extensive opacities ai e usually observ’^ed 
in patients beyond the age of 12 years 

Other Manifestations®^ Changes involving other organs are (1) mongoloid 
habitus, such as peculiarities of lid fissures and epicanthus, (2) idiocy, (3) skeletal 
changes , (4) developmental anomalies of the teeth and retardation and irregularities 
of the first and the second dentition, (5) various anomalies of the skin, trophic 
distuibances of the nails and sparse hair and a tendency to eczema, (6) atrophy of 
the testicles and cryptorchism, sexual infantilism in both sexes and sterility, (7) 


SynopHc Table of 



Special Features of Cataract 
with Eegard to Occurrence and 
Morphologic Character 




Allied 

Condition 

Cornea 

Skin and 
Adnexa 

Gonads 

Teeth 

Experimental 

riboflavin 

deficiency 

Cortical and nuclear, outspoken 
variability in occurrence and 
morphologic character, occurs 
only in young rats 

Vasculariza 
tion, keratitis 

Dermatitis 
and alopecia 

Atrophy of 
testicles, asper 
matogenesis, 
anestrus 


Expenmental 

thallium 

poisoning 

Cataract begins m cortex, out 
spoken variability in occurrence, 
occurs only in j'oung rats 

Vasculariza 

tion 

Alopecia 

Aspennato 

genesis, 

anestrus 


Experimental 

tryptophan 

deficiency 

Cataract begins m cortex out 
spoken vanability in morpho 
logic character and development, 
occurs only m young rats 

Vasculariza 
tion, keratitis 

Alopecia and 
other cutane 
ous lesions 

Atrophy of 
testicles, asper 
matogenesis 

Lesions in 
incisor teeth * 

Eothmund 

syndrome 

Cataract begins in anterior and 
posterior cortex, develops in a 
few months, occurs in early 
childhood 


Poikiloderma 
vasculare 
atrophicans 
(Jacobi), 
atrophic nails 
and hair 

Atrophy of 
testicles, aplasia 
of ovaries 

Werner 

syndrome 

Cataract begins in anterior 
and posterior cortex occurs 
in adult life (3d to 4th decade) 

Bullous kera 
titis 

Scleroderma, 
cutaneous 
ulcers, prema 
ture graying of 
hair, baldness 

Atrophy of 
testicles 


Andogsby 

sjndrome 

Type 1 begins at posterior pole 
type 2 begins as a stellate 
opacity in anterior cortex 
develops within several months 
occurs In adolescent or adult life 

Keratitis 

superflcialis 

epithelialis 

punctata 

Atopic 

dermatitis 


t 

Dj stropliia 
myotonicn 
(Batten Gibb 
Steinert) 

Cataract begins in posterior 
and anterior superfleial cortex 
many iridescent and white 
dots occurs from 3d decade on 

Bullous kera 
titis 

Premature 

baldness 

Atrophy of 
testicles, loss 
of libido in 
both sexes 


Xlongolism 

Cortical and nuclear, occurs 
as star shaped polar opacities 
and “snowflake” cataract (cata 
racta punctata disseminata) 
in general appears after 
ago of 8 jears 


Sparse hair, 
trophic 
anomalies of 
nails, tendency 
to eczema 

Sexual under 

development, 

cryptorchism, 

testicular 

atrophy 

Late and 
irregular 
dentitions 


* 11)0 relation of the^e lesions to tryptophan deflciency demands further study 

t Developmental lesions of the teeth have been described occasionally, but the question of coincidence cannot 
jet bo answered with certainty 


de^ elopmental lesions of the heart, (8) hj'poplastic changes in the thyroid, and 
(9) ^arlous de\ elopmental anomalies 

Occasional manifestations of endocrine disturbance in cases of mongolism cannot 
be of etiologic importance, as Fancom pointed out However, evidence points 
strong!} either to a disturbance in the plasma of the ovum (Rosanoff ®®) or to a 
cliromosomal mutation 

64 Brousseau K, and Brainerd, H G Mongolism A Study of the Physical and Mental 
Characteristics of Mongolian Imbeciles, Baltimore, Williams & Wilkins Company, 1928 

65 Fancom, G Schweiz med Wchnschr 69 995 1939 

66 Rosanoff, A J Manual of Psychiatry and Mental Hygiene, New' York, John Wileyr 

Sons, Inc, 1938, chap 9 
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10 Catmact Associated with DystiopJm Myotomca {Myotonia Atrophica) 
{Steineit-Batten-Gibb) Cataract Cataract in this disease was fiist observed 
by Greenfield The cataract of myotonia becomes manifest at any time after the 
tiid decade of life Often senile and presenile cataract is present m the ancestois 
The cataract develops at a progressively earlier age in successive generations (antici- 
pation) It begins usually as a losette-like opacity in the posterior cortex^® Then 
mnumeiable dustlike, white and iridescent opacities appear both m the anteiior and 
in the posteiioi cortex, leaving free the diiectly subcapsular zone 


Dysii opine Cataiacfs 


■Manifestations 





Other 

Manifestations 

Intrinsic, 

or 

Bones 

Neuromuscular 

System 

Central Nervous Hematopoietic Endocrine 
System System Organs 

(Growth, 

Allergy) 

Genotypical 

Character 


Degenerative 
lesions m 
peripheral 
nerves 



Histologic 
changes in 
thvmus 

Arrest of 
body growth 


Ricket-like 

lesions 



Various 
changes m 
blood 
picture 

Histologic 
changes in thy- 
roids, parathy 
roids, adrenals, 
islets of Dan 
gerhans and 
thymus 

Intis, arrest of 
body growth, 
metaplastic 
changes in 
pres tom a ch 





Anemia 


Arrest of 
body growth 

Hereditary 

(recessive) 





Hyperpara 
thyroidism, 
irregularities 
in regulation 
of blood sugar 


Probably heredi- 
tary, occurs in 
siblings (possibly 
recessive) 






Alleigic 

manifestations 
(asthma, 
hay fever) 

Outspoken familial 
occurrence, occurs 
m siblings and in 
several generations 


Myotonic 

reaction 

myotonia 

atrophica 

Changes of 

emotional 

character 


Changes m 

thyroid, 

inconstant 


Hereditary 

(dominant) 

Various 

skeletal 

anomalies 


Idiocy 


Occasionally 
hypoplastic 
changes in 
thyroid 

Mongoloid 
habitus, van 
ous develop 
mental anoma 
lies (heart and 
other organs) 

Occurs in both of 
identical twins, 
but in only one of 
fraternal twins t 


evidence of the Intrinsic char 

or of a chromosomal mutation (lanconTo“ assumption of idioplastic damage to the ovum (Rosanoff oo) 


Othei Manifestations Changes in other organs are (1) testicular atiophy 

and loss o£ libido in both sexes™. (2) premature baldness'*. (3) lesions of 
eiidociine o igans, such as the thyioid '*. (4) myotonic atiophy with characteristic 
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myotonic reaction, most frequent m the muscles of the thumb and m the inteiosseus 
muscles of the hand,^“ and (5) bullous keratitis 

According to Vogt,'*® the muscular manifestations are not condtho sme qua non 
foi the syndrome, and the changes in the lens seem to be much more frequent than 
the musculai alterations In the same pedigree, cases of cataract can be found with 
and without muscular changes 

In spite of the presence of endocrine disturbances, no conclusive evidence exists 
that endocrine disturbances are the cause of the othei manifestations But it has 
been proved beyond doubt that the condition is hereditary 

UNCLASSIFIED CATARACTS 

Of the many forms of cataract which m the present state of knowledge do not 
appear to fit clearly into any one of the three groups previously outlined, only one 
IS desciibed here 

Cafatact Due to Damage pom Roentgen Rays — This cataract begins at the 
posterior pole as a diskhke, subcapsular, foamy opacit}^ which is prominent on its 
anterior suiface Fine subcapsular opacities appear also in the anterioi coitex 
The posterior opacit}'^ may expand over the whole posteiior subcapsulai zone, thus 
toiming a shell The cataract progresses slowly’® 

The first visible evidence of damage to the lens due to loentgen ladiation is 
the formation of new, abnormal suture lines as a consequence of the aiiest of 
growth (extension in length m this case) of the affected lens fibers’® 

The other manifestations are evident from the order of decreasing radiosensitivity 
of the different tissues of the body (Desjardins’") After the lymphoid cells and 
polymorphonuclear leukocytes, epithelial cells, paiticularly the basal epithelium of 
the testes, the folhculai epithelium of the ovary and the basal epithelium of the skin 
and mucous membranes, are among the most radiosensitive tissues The coineal 
changes (keratitis, epithelial changes, interstitial keratitis, and vasculai ization of 
the cornea) due to damage from roentgen radiation have been leviewed by Rohr- 
schneider and others ’® 

A synopsis of the more impoitant cataiact syndromes of the dystrophic gioup is 
presented m the accompanying table 


COMMENT 

Knowledge of the pathogenesis of the dysti opine cataracts is moie incomplete 
than tliat of any of tlie other groups of ‘metabolic” cataracts the diabetic and 
the tetanic 

Role of Endoci me Glands ui “Metabolic’’ Catai acts — The primaiy impoitance 
of endocrine glands in the pathogenesis of human diabetic and of some tetanic 
cataracts is obMOus Lesions of the endocrine glands are often encountered also 
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in cases of syndiomes of the dystrophic group (table, column 11), and have been 
said to be responsible foi the cataracts However, the cataracts and the othei 
manifestations of the dystrophic syndromes cannot be arrested or remedied by 
administration of any known endocrine glandular extract Furtliermoie, cataiact 
thus far has not been produced experimentally by the complete removal of any 
endociine gland other than the pancreas or the parathyroids An explanation of 
the syndromes of dystrophic cataract on a primarily endocrine basis is, therefore, not 
supported by clinical oi experimental evidence — ^m contrast to the diabetic and 
tetanic (hypoparathyroid) cataiacts 

An alternative explanation, based on the comparison of the clinical and the 
expel imental dystrophic syndromes, will be attempted in the following section 
DistTihuhon of Manifcstdiiovs of Expeiviiientcil and Chwcal Dysti ophics with 
Cataiact— The most important unifying feature in the group of dystrophic cataracts 
IS the association of these cataiacts with lesions in the cornea, skin and testes (table, 
columns 3, 4 and 5) In contrast, the dystrophies that involve chiefly the central 
neivous system and those that involve chiefly the hemopoietic system are not 
generally complicated by cataract 

The similarity of the distribution of manifestations in the syndromes of the 
dystrophic gioup suggests a metabolic relation both of the affected tissues and 
of the diffeient syndromes It may be suggested, for example, that the affected 
tissues lesemble one another in some aspect of their metabolism and that this 
common metabolic piocess is interrupted at various i elated points in the different 
syndromes For this reason, it is of interest that a complex of manifestations 
similar to that of the clinical dystrophic syndiomes can be produced experimentally 
by diets deficient in certain chemically known vitamins or vitamin-like substances 

Role of Heredity and Envn onment m the Dysti opines with Cataract — There is 
evidence that in all the clinical forms of dystrophic cataract an inti insic or genotypical 
factoi conditions the development of the lesion (table, last column) 

At fiist sight, the attempt to gioup these idiopathic, endogenous conditions with 
those exogenous conditions produced experimentally may seem forced Such a 
conception, however, is not new and is well illustrated, for example, in the analysis 
of the intimsic and extrinsic factors in pernicious anemia and in the relation between 
pernicious anemia and tiopical sprue Another example is the relation between 
exogenous and endogenous iickets (Eliot and Park ®°) 

It is today a generally accepted biochemical concept that enzymatic (particularly 
oxidative) piocesses in the tissue require two main units enzymes and coenzymes, 
the former being proteins, and thus likely to show genotypical (hereditary) 
characters, while the latter are vitamins or vitamin-like compounds, which are 
not, or are not entirely, proteins That the same group of tissues may be affected 
eithei by the absence in food of an exogenous (extrinsic) factor or by a genotypical 
defect of the endogenous (intrinsic) part of the same metabolic system does not 
appear sui prising and is compatible with modern biochemical concepts 

At present the possibility can only be suggested that some metabolic link exists 
between the endogenous and the exogenous forms of dystrophic cataract In the 
present paper the similaiity in the clinical patterns of certain exogenous and certain 
endogenous cataract syndromes has been pointed out It is to be hoped that this 
may serve, at least partially, to delimit the field m which such metabolic links may 
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be sought Still other exogenous dystrophic syndromes with cataract which may 
be discovered in the future may have to be considered similarly in relation to the 
endogenous sjmdromes 

In this concept, emphasis is placed on the hereditary basis of primary metabolic 
disturbances in the tissues of the affected organs in the endogenous dystrophic 
syndromes It appears that such a concept is in better agreement with the clinical 
and experimental observations in cases of dystrophic cataract syndromes than a 
theory which locates the primary disturbance only in one or several special 
endocrine glands 

SUMMARY 

On the basis of a previously suggested classification of expeiimental cataiacts 
in the rat and of a bibliographic review of experimental and clinical “metabolic” 
cataract syndromes, three groups of cataracts are diff ei entiated the diabetic (hyper- 
glycemic), the tetanic and the dystrophic Morphologic and developmental features 
of the cataracts, as well as the allied symptoms, served as criteria foi this dif- 
ferentiation 

The similarity in the clinical pattern between the clinical membeis of the 
dystrophic group and ceitain exogenous experimental dystrophic conditions is 
pointed out The possible significance of this similantyf for the metabolic mteipre- 
tation of the genoty'pical dystrophic syndromes with cataiact is discussed 

The assumption of primary metabolic disturbances in the affected tissues on a 
hei editary’’ basis accounts better for the known observations than does the theory’’ of 
a primary endocrine basis of the dystiophic syndromes 



THE FITTING OF CONTACT LENSES 


PHILIP L SALVATORI 

AND 

AMERIGO ORIANI 

NEW YORK 

The fitting of contact lenses has been more or less a tiial and eiioi pioceduie 
Theie is no doubt that the molded plastic lens is easiei to adjust than the old type 
glass lens The difficulty has been in knowing what adjustments are necessaiy in 
Older to fit the individual eye After obseiving thousands of contact lenses, we 
have worked out a scientific method of adapting these devices which has pioved 
to be most satisfactory Simple rules have been formulated which may be applied 
in every case They eliminate guesswork and give complete assurance and 
confidence that the lenses will he fitted correctly and skilfully, according to plan 

PROCEDURE 

In the fitting of contact lenses one must bear in mind the following factois 
(1) conveigence of the eyes, (2) pressure of the lids, and (3) gravity diop 

To compensate foi these factors, a contact lens should be fitted so that the 
corneal portion will be turned slightly nasally and decentered upward 

A peifectly fitting lens is one that rests evenly on the sclera without impeding 
the blood vessels No tight areas, or areas of blanching, should appear in any 
of the possible movements of the eye On the othei hand, there should be no 
loose areas beyond the corneal section 

The fitter should adhere to a definite routine iii adapting the contact lens to the 
patient’s eye The following cardinal steps are to be observed in fitting the semi- 
finished lens 1 The lens is checked for over-all size 2 The lens is checked for 
rotation 3 The fluorescein test is applied to detect (o) loose and (&) tight areas 
4 The corneal center of the lens is marked 5 A working diagram is made 

Step 1 — Sometimes a contact lens is so large that it cannot be inserted The 
size IS reduced from the upper portion of the nasal margin downward and along 
the lower border to the temporal edge The upper scleral portion is not disturbed 
unless it IS absolutely necessary 

Befoie the lens is inserted, a hoiizontal line is diawn from the outer to the 
mnei canthus of the lens with a red china-marking pencil, Blaisdell 165 T The 
lens IS inseited with a clear solution If it is impossible to see the nasal and lower 
edges of the lens while the eye is looking temporally and upwaid respectivel}^ the 
lens is pi obably too large The lowei portion of the lens for the right eye is trimmed 
fiom 2 to 9 o’clock, and the lower pait of the lens for the left eye, from 10 to 3 
o clock The lens must clear the semilunai membrane and the caruncle 

Likewise, if the temporal edge of the lens mtei feres with the motion of the eye 
by striking against the outer fornix, the lens is too large The exact area of 
interference is marked, and the edge is trimmed so that the lens moves in unison 
with the eye 

Step 2 Any lotation of the lens is easily observed, as the horizontal line on 
the lens will not remain stationaiy The fitter’s first consideration is to stop the 
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rotation by relieving excessively tight aieas or by tightening loose edges Before 
these areas are marked on the lens, it is made cei tain that the lens is in the proper 
position If necessar}% the lens is turned with the suction cup or the finger and is 
held in place Then the exact areas which need adjustment aie marked Adjust- 
ments are repeated until the lens maintains a fixed and coriect position in the eye 

Step 3 — Two drops of a 1 per cent solution of fluorescein sodium is placed 
in the contact lens, and the lens is filled with solution and inseited A cobalt blue 
01 an ultraMolet ray filter is emplo 3 ''ed in observation of the lens The fluorescein 
glows vith a brilliant yellow-green reflex wherever the corneal section of the lens 
does not touch the cornea Wheie the lens is in contact with the cornea a black 
area will be seen All loose areas, which are indicated by the pools of fluorescein, 
and all tight areas, which are evident as blanched spaces, aie maiked on the lens 
To observe tight areas it is necessary to use a white light 

The blanching is caused by the stoppage of blood flow in the vessels It is 
vitally important that only areas needing adjustment be marked The markings 
should not be extended beyond the limits of the exact aiea requiring coirection 

Step 4 — While the lens is in the eye, a mark is placed on the corneal portion 
directly m front of the center of the pupil marking the pupillaiy center of 
the eye one can determine its relation to the optical center of the lens 

Step 5 — We. suggest that the following pi ocedure be adopted as a routine A 
blue piint-hke record of the corrective markings is made on a diagiam This is an 
indispensable aid to the fittei and not only serves as a permanent record but can 
be used as a basis for analysis and for planning the necessary adjustments 

The actual visualization of the lens on paper will be of great aid to the fitter in 
determining the couise of action Further, a clearly defined picture of the patient’s 
lens can be used as a valualile means of comparison by any fitter making futuie 
adjustments 

Betore elimination of eithei tight oi loose aieas, the lens should be divided into 
foui quadrants This procedure will enable the fitter to plan his corrections and 
to appl} the suitable method of procedure, as outlined in the rules and diagrams 
in the subsequent sections of the paper 

It will be noted that these rules call for relief of either the temporal or the nasal 
side first, as the case ma)' be This means that the entire temporal or the entire 
nasal half of the lens, as divided by the vertical line, must be adjusted In other 
instances, it will be noted that correction is called for in either the upper or the 
lower portion Again, this indicates that the entire portion of the lens above or 
below' the liorizontal line must be adjusted 

In the ideally fitting lens, the pool of fluorescein is sharply defined, and 
there is no infiltration into the scleral portion, as indicated by the absence of loose 
areas There are no pressure, or tight, areas on the sclera, as evidenced by the 
absence of blanched patches However, it is not ahvays essential to achieve this 
ideal result 

CORRECTIOX or TIGHT, OR PRESSURE, ^REAS 

For relief of areas of jircssure the inner scleral surface of the in\olved area is 
ground with a grit-impregnated rubber point Ihe rubber point is fitted on a dental 
mandril, inserted in the hand piece of a dental lathe A light rotar}' motion is used 
Pressure is not exerted, but the tool is allowed to do the grinding All ground 
areas are rcpolished with a felt disk and a polishing compound before the lens is 
reinserted All tight areas are to be eliminated before the loose areas are adjusted 
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When he is making adjustments or collections, the fittei should be guided by the 
following luies 

Rule 1 —If the lens is tight nasally and tempoially, pressure is relieved on the 
temporal side first, except when the optical center is to the nasal side of the pupil, in 
which case pressure on the nasal side is relieved first Pressure on the temporal 
side IS relieved first in order to allow the lens to slide nasally and to prevent it from 
moving out of its pioper position Often when the tempoial side is loosened, the 
area of piessuie on the nasal side disappears If the optical center of the lens lies 
to the nasal side of the pupillary center, then piessure on the nasal side is lelieved 
first The tight area on the temporal side will cause the lens to shift temporally 
The optical centei of the lens will finally coincide with the center of the pupil 

Rule 2 — If the lens is tight above and below the horizontal line, pressure m 
the lowei poition is relieved first, except when the optical center is higher than the 
pupillary center, in which case the upper portion is corrected first Pressure m 
the lowei portion is relieved fiist in older to allow the lens to slide upwaid The 
pressure above the line will be lessened If it does not disappear altogether, 
the corresponding area of the lens should be ground, but only after the lowei area 
of pressure has been adjusted Pressure in the uppei poition is relieved fiist only 
when the optical center is above the pupillary centei If the upper portion is 
ground, the lower area of pressure will force the lens downward, and the optical 
center will coincide with the pupillary center 

Any isolated tight aieas should be adjusted by the usual methods \¥hen the 
tight aieas are corrected, many of the loose areas will probably disappear However, 
it IS necessary to make a second fluoiescein test for detection of any remaining 
loose areas 


CORRECTION OF LOOSE AREAS 

Corneal contacts aie caused by loose areas If the lens does not lest evenly on 
the scleia, the loose areas allow the eye to move behind the lens, with the result 
that the lens strikes the cornea Loose areas are detected by the infiltration of the 
fluorescein solution into the scleral portion, with the formation of pools These 
pools must be eliminated when a corneal contact is present If no coineal contact 
IS observed, the loose areas need not be adjusted 

Elimination of the pools is effected by grinding of the portions of the inner 
surface of the sclera that do not show the presence of fluorescein — in other words, 
the regions surrounding the loose areas This allows the lens to settle back, with 
the result that the pools are reduced in size and finally disappeai 


Rule 3 — If there are corneal contacts both nasally and temporally, the nasal 
pool is eliminated fiist, except when the optical center is to the nasal side of the 
pupil, m which case the temporal pool is eliminated first By elimination of the loose 
areas at the nasal side first, the lens is allowed to settle at the nasal side, so that 
It IS kept in Its proper position, i e , turned a little nasally, to allow for convergence 
The loose area at the temporal side generally decreases in size, and, if necessary, the 
inner surface of the lens around this area may be ground 


Rule 4 — If theie are corneal contacts both above and below the hoiizontal line, 
the uppei pool is eliminated first, except when the optical centei is higher than the 
pupillary center, m which case the lower pool is eliminated first If the upper pool 
IS eliminated fiist, the lens will settle into position, so that the slight drop due 
to gravity and the pressure of the lids are offset by an increase m the bearing 
suiface of the upper part of the scleia 
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OtJiei Pi ocedw es — Raiely is there a corneal contact below the line However, 
if one IS present or the optical center is above the pupil, then the portion of the lens 
surrounding the lower pool is ground away The lens will fit closer to the lower 
part of the sclera, and the optical center will move downwaid 

In cases of corneal contacts not covered b)’^ rules 3 and 4 the following piocedures 
aie m Older 

1 When a single contact occuis, the region around the adjacent loose area is 
ground away 

2 At times a contact lens will seem to have a cleaily defined fluorescein pool, 
as illustrated in the ideally fitting lens, and yet a corneal contact may appear In 
such a case if the lens is moved gently in the diiection in which the corneal contact 
appears, a slight infiltration of fluorescein into the scleral section will be noted 
This indicates a loose area This area should be marked and the portion surround- 
ing It giound oft until the lens settles in position, with elimination of the corneal 
contact 

3 When the peiipheiy of the lens stands awaj'^ fiom the sclera, the edges should 
be tightened This is accomplished as follows The lens is placed over the cast 
(dental stone positive) , the loose area is marked on the cast, and then some of 
the dental stone is lemoved with a knife and the marked area smoothed with sand- 
paper The lens is replaced on the cast A dental wax spatula is heated over an 
alcohol lamp The tool is placed on the loose area of the lens, and a rocking motion 
IS used The tool is not removed until it has completely cooled This procedure 
IS lepeated until the loose aiea has been eliminated The tool is not allowed to 
become too hot, as it ^\lll soften the material 
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NEURODERMATITIS WITH CATARACT 

REPORT OF TWO CASES 
CLYDE E McDANNALD, MD 

NnW YORK 


Pi 101 to 1921 tlieie were no American reports on the syndiome of cataract 
associated with nemodeimatitis In the Euiopean liteiatuie, however, Rothmund,^ 
in 1868, described the occuiience of cataract in connection with changes in the 
skin Andogsli}^ ^ used the term "cataracta dermatogenes” m describing a case of 
bilateral cataract with an associated cutaneous eiuption Similar cases have been 
reported by Lowenstem,® Gault,^ Winkler ° and otheis 

The fiist report in the English language was that of Davis,® who, m 1921, 
desciibed the case of a 15 year old giil with neurodeimatitis accompanied by 
cataracts, which matured in one 3 ^ear Daniel,^ from the Mayo Clinic, in 1935, 
reported 3 cases and mentioned the importance of a family history of allergy 
At first it was generally considered that the “nemo” part of the name alluded, 
perhaps, to some disturbance along the course of the nerves, actually, it refeis 
to the unstable sympathetic system and emotional background of the patient The 
papular rash is distributed over the face, neck, chest and flexor surfaces The 
skin becomes ichthyotic and thickened, as though covered with a layer of shellac 
Intense itching is the chief symptom The endocrine system frequently seems to 
play a definite etiologic role Epinephrine, thyroid, parathyroid and pituitary 
extracts have been reported of value m tieatment in some cases Biunstmg ® stated 

Those who wish to preserve the concept of a primary nervous instability as an important part 
of the background in cases of these disorders still cling to the term “neurodermatitis ” 

He further stated 

One cannot deny that the elements of chronic fatigue and nervous imbalance must be considered 
in the pioper control of this disorder, but it does not seem likely in my opinion that the nervous 
background is primarily responsible for the syndrome 

He appaieiitly believed in the existence of a certain allergic factor, and this opinion 
was stiengthened by the frequent family histoiy of alleigy and by the fact that 
of his 101 cases, cataract was present m 10 and the average eosinophil count was 
slightly over 9 per cent 


1 Rothmund, A Ueber Cataracte in Verbindung mit emer eigentumlichen Hautdegen- 
ciation, Arch f Ophth (pt 1) 14 159-182, 1868 

2 Andogsky, N Cataracta dermatogenes , ein Beitrag zur Aetiologie der Lmsentrubung, 
Khn Monatsbl f Augenh 17 824-831, 1914 

Lowenstein, A Katarakt bei Neurodermatitis, Kim Monatsbl f Augenh 72 653-657, 

4 Gault, N Cataracte nevrodermitique. Bull Soc d’opht de Pans, 1933, pp 280-284 
5'^6 53WW8*^^’ ^ Beitrag zur Genese der Cataracta dermatogenes, Arch f Ophth 139 

6 Dans, W T 
14 237-241, 1921 

7 Daniel, R K Allergy and Cataracts, J A M A 105 481-483 (Aug 17) 1935 

8 Brunsting L A Atopic Dermatitis (Disseminated Neurodermatitis) of Young Adults 


The Relation of the Eye and Certain Skm Diseases, South M J 


767 



768 


ARCHIVES OF OPHTHALMOLOGY 


The following 2 cases illustrates the syndrome of neuiodeimatitis associated 
with cataract 


REPORT or CASES 


Case 1 — A white youth aged 18 years was first examined on Afarch 22, 1937 He had 
complained of poor Msion in both eyes for one year 

Family Histoiy — His mother had suffered from Aleniere’s disease for the past five years, 
his father was living and in good health He had 1 sister, aged 10 years, who was healthy 

Pcisoiial Histoiy — Birth was normal Asthmatic attacks began at the age of 5 months 
and continued to recur for ten years Eczema appeared at the age of S years He had the 

usual diseases of childhood, as well as two attacks of otitis media He stated that he was 

extremely allergic During the entire time he was under my care he proved to have a 
decidedly emotional temperament 

Examination showed that vision in each eye was 20/65, unimproved Fne weeks later this 
had decreased to ability to see hand movements with the right eye and to 20/200 in the left 

eye The eyelids w'ere brawny, the conjunctivas were normal Each eye showed anterior and 

posterior cortical opacities in the lens, a clear nuclear area remaining The reflex fioni the 
fundus of each eye w'as pink, with imperfect details Tension was normal in each eye 

In Alay 1937, an extraction of the cataract was performed on the right eye through a sub- 
conjunctival stereocorneal incision made with a keratome The lens proved to be soft through- 
out No sign of a nucleus was observed Recovery was uneventful Corrected vision was 20/13 

By July 1937, vision in the left eye had decreased to counting of fingers at 2 feet (60 cm ) 
On Oct 25, 1937 the cataract was extracted by the method already described The result 
was corrected vision of 20/13 

When the patient was last examined, on Oct 14, 1942, corrected vision in each eye was 
still 20/13 The cutaneous condition had improved, there being less itching and redness 

Case 2 — A white woman aged 23 was first examined on July 23, 1937 She had been told 
SIX or seven years ago that cataracts were developing She stated that for four or five years 
she had received roentgen therapy^ These treatments were discontinued two y'ears prior to 
my seeing her During the latter period glandular extracts and concentrated vutamin prepara- 
tions were administered 

Pamtly History — There w'as a history' of nervous instability in both parents 

Personal History — When the patient was 11 years old, eczema first appeared under the 
arms, resembling multiple boils In the course of one year a similar lesion broke out on the 
neck and face Asthmatic attacks began at the age of 13 years and still continued The 
usual diseases of childhood occurred Manv tests for allergy showed a positive reaction Her 
menstrual cvclc was alw'ays normal except for one period of suppression during the roentgen 
treatments 

Ocular Cvamiiiation — Right Eye The lids were thickened, brawny and ichthyotic The 
conjunctiva was slightly congested There was a keratoconus with a dense opacity in the 
lower quadrant, due to breaks in Descemet’s membrane The anterior chamber w'as deep From 
its milky appearance the cataract appeared to be hypermature Vision was limited to ability 
to see hand movements 

Left Eye The lids and conjunctiva show'ed a picture identical with that in the right eye 
There was also a keratoconus with a dense opacity', due to breaks in Descemet’s membrane 
Tile cataract was immature No details of the fundus could be observed ATsion was 20/100, 
unimprov ed 

Tension in both eyes taken with the fingers because of the keratoconus, was high normal 
This was reduced to normal by use of pilocarpine 

Operations— On April 3, 1939 a linear extraction was performed on the right eye, the same 
method being employed as that described in case 1 The cataract was found to be verv soft 
throughout, so that it was readily removed by irrigation Recovery was uneventful Cor- 
rected vision was 20/50, that it was not better was due to the keratoconus 

On April 8, 1942 a similar linear extraction was performed on the left eye Recovery 
was somewhat delaved, probablv owing to an exacerbation of the eczema elsewhere in the 
bodv On the last examination, Oct 23, 1942, corrected vision was 20/65, a little less 
than that m the fellow eve, because the corneal scars were denser 
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SUMMARY 

1 The patients whose cases are lepoited were both emotionally unstable and 
leacted positively to many different tests for allergy 

2 The skin of the eyelids of each patient was biawny, red and itchy, with no 
involvement of the cilia, as has been reported by some observers 

3 The conjunctiva was not involved except in 1 case, m which it was slightly 
inflamed 

4 Both the patients were young peisons whose cataracts developed during 
the active stage of eczema and neurodermatitis 

5 Both patients belonged to the white race 

6 In each patient, aftei the first definite evidence of opacities m the lenses, the 
matuiing process was rapid 

7 There was no undue postopeiative leaction, except for the trivial effect in 
one eye, as previously explained 

CONCLUSIONS 

The absence of undue postoperative reaction after the removal of cataracts from 
both eyes of 2 patients in the active stage of neurodermatitis seems to indicate 
that such a condition lends itself well to suigical inteivention and presents no more 
hazards than does cataract complicated by other diseases 

100 West Fifty-Ninth Street 



RETINAL DETACHMENT AND TRAUMA 
ARNOLD KNAPP, MD 

NEW YORK 

As Parsons succinctly put it, “The exact inechanism of detachment is not com- 
pletely understood, indeed detachment of the retina is still one of the difficult 
problems of pathology ” In other words, as it is not known how a detachment is 
pioduced, its relation to trauma must remain vague Yet one cannot but be struck 
by how generally the thesis of a traumatic origin is accepted Foi some time I have 
noted, m examining patients with retinal detachment, how rare a traumatic origin 
reall} is, and this has led me to review 400 successive cases in which I have had the 
opportunity to malce examination 

Tliese 400 cases may be classified as follows ^ 


A.ssociated Condition 

No of Cases 

Percentage 

Aly opia 

202 

50 

Trauma 

52 

12 

Direct 

32 


Indirect 

20 


Hemorrhage (aitreous and retinal) 

21 


Aphakia 

37 

9 

Extracapsular extraction 

23 


Intracapsular extraction 

7 


Discission 

7 


Cases of bilateral detachment numbered 58, or 14 pei 

cent 


The cases of myopia were represented in the etiologic 

groups as follows 


Etiologic Condition 

No of Cases 

Percentage 

Trauma 

Direct 

10 in 32 

33 

Indirect 

15 in 20 

75 

Aphakia 

Extracapsular extraction 

11 in 23 

45 

Intracapsular extraction 

1 in 7 

14 

Bilateral 

32 in 58 

55 


1 lie degree of in} opia was over 10 D m 25 per cent, from 5 to 10 D in 42 per 
cent and up to 5 D in 33 per cent of cases The danger of detachment gradually 
inci eased ^\lth the degree of in}opia up to a certain point and was greatest between 
8 and 16 D of myopia Detachment occurred with the greatest frequency in persons 
beh\een 45 and 60 }ears of age, ^\hen nutritional distuibances occur in the ocular 
tissues The incidence of trauma decreased as the degree of myopia increased 
Direct injur} v as more frequent in cases of hypefmetropia than was indirect injury 
Spontaneous detachment v as the rule in cases of myopia 

It seems reasonable to dl^ ide cases of traumatic detachment into those in which 
the detachment occurs in previously healthy eyes and those in which it occurs in 
prcMOUsh defectne ejes and to classify the traumas as direct and indirect The 

Rend before the American Ophthalmologica! Societj, Hot Springs, Va , June 11, 1943 
1 The figures in tlie tabulation do not add up to 400, as the number of cases of Ii>per- 
metropn vas emitted, and in a considerable number of instances the refraction was not 
indicated The real number of cases of mjopia was unquestionably much greater than 202 
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types of tiauma in this senes of cases were the same as those usually indicated 
in the liteiatuie 

Direct tiauma geneially lesulted fiom direct blows to the eyeball with a ball, 
hst, stone oi other hard substance It occuiied principally in cases of young persons 
Myopic e 3 ^es did not pieponderate The types of lesions were the oral tear and 
lound 01 giant holes, but the hoiseshoe-shaped teai was not observed Although 
detachment of the retina can best be explained by contiecoup, choroidal and scleial 
luptuies weie apparently caused by different, and piobably more severe, injuries 
Peifoiatmg injuries weie excluded, as the detachment then results from lesions of 
the vitieous following hemoiihage oi inflammation 

Indiiect trauma was caused by seveie blows to the head or body, succussion 
of the head or body, excessive bodily exeition, such as that in lifting, and excessive 
coughing 01 sneezing The injuiy might be mild, such as that produced by rubbing 
the eyes with the fingeis, long motoi oi lailwa}^ journeys, fluid splashed in the eye, 
extraction of a tooth oi lemoval of a foieign body^ from the cornea Indirect injuries 
aie in themselves vague, and the length of time between the alleged trauma and the 
onset of the detachment is indefinite In my^ series of cases of indirect trauma 
the patient’s age was geneially^ above 40 , the 2 y^oungest patients were each 29 years 
old The refraction showed myopia m 15 cases and hypermetropia in 4 cases 
The type of i etinal teai was not chai acteristic, but thei e wei e no oral tears 

Theie can be no question about the tiaumatic oiigin of a detachment in young 
persons with noimal eyes who have suffeied severe injuiy to the eyeball and that 
of a detacliment which follows a penetiating injuiy of the eyeball The role of 
indirect injuries is moie difficult to explain, especially the mild ones To explain 
the lelation between retinal detachment and indiiect trauma a predisposition on the 
pait of the eye is assumed, and it is believed that in the presence of certain changes 
in the eye (predisposition), a mild injury or a sudden circulatoiy disturbance on 
musculai exertion may be the determining cause of a detachment which is leady 
to develop, just as the detachment generally occuis without trauma 

The predisposition consists in certain changes in the eye which are present in 
myopic eyes and make such eyes susceptible to i etinal detachment Among these, 
cystoid degeneiation of the letina, first described by Leber and confirmed by Gonin, 
occurs in the external plexifoim layer, with changes in the pigment epithe- 
lium, implying that the choroid is also affected Clinical signs of inflammation are 
absent, and a local circulatoiy disturbance must be considered a factor Vogt 
showed that similai changes occurred in the aging eye from nutiitional distur- 
bances, and Hanssen demonstrated tears and other changes in the letina in my^opic 
m es W'ltliout detachment of the retina 

The vitreous, also, takes part m this degeneiation and undergoes fluidification, 
shrinkage and detachment Gonin, in his microscopic study of eyes with i etinal 
detachment, found that the vitreous was always shrunken from one third to one half 
m Its formei size, and this obseivation has been confirmed by other investigators 
(Lister, Lindner and von Sallmann) The presence of a detachment of the vitreous ' 
been recognized clinically by seveial investigators (Benziger, Pillat, Lindner, 
von Sallmann and Vogt) 

Adhesion of the vitreous fiamework to the retina occurs in healthy eyes at the 
2se of the vitreous and has been observed on histologic examination in places in 
Which the vitreous is adherent to the letma, where the greatest changes m the retina 
o^ist and where the hole in the retina is situated The presence of this adhesion 
0 le margin of the hole has been obsei ved on clinical examination with the slit lamp 



772 


ARCHIVES OF OPHTHALMOLOGY 


Finally, as the vitreous body was known to move with movements of the eyeball 
(Best), it seemed logical to a number of investigatoi s that this movement can easily 
cause traction on the retina and that if the letina is weakened a tear results and 
conditions necessary foi the development of the detachment are piesent (Lebei, 
Gonin, Lindner and others) 

If the same histologic changes explain the onset of spontaneous and of tiaumatic 
detachment, it is impossible to draw a sharp line between the two types If move- 
ments of the vitieous are accepted as a factor in the causation of spontaneous 
detachment, they can, all the more, explain the mysteiious detachment after an 
indirect trauma Anything, therefore, which will cause movements of the vitieous 
can produce a detachment in a predisposed eye But Lmdnei showed in his experi- 
ments that It IS not just a shaking of the eyeball that produces a detachment but that 
the force must be of a lotating oi whirling nature The question arises Under 
^\hat conditions does the eyeball undeigo oculai lotation^ It has been suggested 
that with indirect trauma the patient instinctiveljf makes a lapid protective move- 
ment of the eyes, whereb}'^ the vitreous diags on the uppei half of the letma and 
causes a ruptuie of the retina 

Kruckmann - reported the cases of 3 young persons with emmetiopia who weie 
carrying heavy weights, the weight slipped, the bod)’’ stiaightened, and the eyes 
were forced upward and stiongly abducted On the following day a detachment 
was present, in the lowei tempoial quadrant, which the authoi explained on the basis 
of retinal swelling, following sudden ischemia, similar to cerebral swelling The 
location IS explained by action of the mferioi oblique muscle, which suddenly con- 
tracted when the eyes were raised This produced aspiiation of the scleia with 
vacuum action on the retina Kruckmann also consideied the lole of muscular 
action m the development of detachment in cases of indiiect trauma The muscles 
that came under consideration were the two oblique muscles, as these are the only 
muscles whose insertion on the sclera coveis an area of the sclera and choroid 
beneath which retinal tissue is situated directly In the afoi ementioned cases the 
infenor oblique muscle w as regarded as the active factor This condition, according 
to Kruckmann, differs from the tears in the retina wdiich occur in the insertional 
area of the superior oblique muscle in the m)opic eye and are explained by uneven 
traction of that muscle because of its peculiar anatomic stiucture and insertion 

Bartels ^ drew attention to the role of the superior oblique muscle in explaining 
the pre\alence of retinal holes m the superior temporal quadiants 

MacDonald * suggested that a hydrodynamic phenomenon may cause detachment 
of the retina in persons who do heavy lifting The ti ansmitted intracranial pressure 
obstructs the central retinal Aein, and the excess fluid from the choroidal exudate 
and the central retinal artery collects in the retina and the intraretinal space, w'lth 
1 esulting detachment 

Walker = raised the mteiesting question why detachment occurred m only one 
eje when the injur) was general and ga^e a reason foi the frequency of retinal 
tears in the upper temporal quadrant This frequency the author explained by the 
statement that the retina m the upper tempoial quadrant is under additional 
mechanical dIsad^antage, pressure and racuum action, as the superior oblique 

2 Krfickniann, E Netzhnufablosung und indirektcs Trauma, Bcr u d Versamml d 
dnit'cli ophtli Gesellsdi 51 304, 1936 

3 Bartclc, M Ueber die Enstchung \on Nctdiaiitablosungcn, Klin Monatsbl f Augenb 
91 437, 1933 

4 MacDonald A E EtioIog\ of Idiopathic Retinal Detachment, ^m J Ophth 21 6S8, 
1038 

5 M alktr, in di=cus=ion on MacDonald,'* p 661 
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muscle IS exposed to peculiar punishment, which is greatest m the eye acted on 
most strongly by its superior oblique muscle in the conjugate positions 

Friedman,® m an article on traction on the optic nerve as a force in production 
of retinal detachment, spoke of (1) the movements of the vitreous in rapid move- 
ments of the eye as i elated to the phenomenon of ineitia and (2) piessure on the 
globe by the extraocular muscles, which is tiansmitted to the letina The latter 
factor was suggested by the frequency of tears m the region underlying the superior 
oblique muscle, which is being constantly used in all close work The author con- 
cluded that both these factois act on the letina duiing ocular rotation and that the 
use of stenopaic goggles is sound 

Perhaps when more is known about detachment of the letina, the problem of its 
1 elation to indirect trauma will be explained There aie still many problems con- 
cerned with this subject With the appreciation of the significance of the letinal 
hole other important features may be overlooked Some investigators, especially 
Kummell, have claimed that it is not the hole alone which causes detachment but 
that changes in the hydiostatic equilibrium between the preietmal and the letro- 
letinal spaces, fiom i eduction in vitreous pressure, constitute an important con- 
tributing factoi and should not be disregaided Attention has repeatedly been 
diawn to the fact that in many cases contusion does not lead to detachment even in 
myopic eyes and that detachment is not obseived after strenuous gymnastic exercises 
or in association with fractures of the skull or wai injuiies, and that while severe 
bodily exertion is common, resulting detachment is unusual Though the cause of 
the detachment aftei indirect tiauma is difficult to define, the question of the rela- 
tion cannot be dismissed as irrelevant when such caieful observers and scientific 
mvestigatois as Goniii, Vogt and Jeandelize are fiim believers in the role of indirect 
trauma At the same time, all persons aie inclined to find a cause for an accident, 
especially if compensation is a factoi A guiding lule in the estimation of the cause 
would be that the exertion must be gi eater than usual and that the symptoms of 
detachment should promptly follow Davidson,'^ who had a large experience with 
compensation claims, stated that the association of tiauma and detachment could 
be accepted only when the visual disturbance was complained of within two days 
after the injuiy and the detachment developed before the end of two weeks 

In a leview of this series of cases of detachment in their i elation to trauma, two 
other points become appaient and aie, I hope, worthy of mention The fiist is 
bilaterality of retinal detachment This was present m 58 cases, or about 14 per 
cent, in 32 of which, oi 55 pei cent, myopia was repiesented The feature of 
bilateiality is significant and speaks against a traumatic oiigin The cases of bilateral 
detachment can be divided into cases involving juveniles and cases involving myopic 
pel sons and the aged While the detachments weie bilaterally symmetric in the 
young, in the other patients there was no symmeti) The cause was general, and 
the impoitant factoi ^\as the local condition m the e 3 'e A careful examination of the 
fellow eye in all cases of detachment is always important (Sourdille) 

The second point of significance is the association of detachment with aphakia 
riieie IS still a great deal to be learned about this relation, and I shall refer only 
briefly to it here Retinal detachment m aphakic eyes is related to trauma only in its 
Midest sense, as with peiforating injuries of the eyeball, there are set m motion 
changes iii the intraocular stiucture, especially m the vitreous, which after some 


t.o.,Vd.'^opT,uA iT'cASifiSr 



774 


ARCHIVES OF OPHTHALMOLOGY 


time lead to detachment The aforementioned predisposition and the loss of vitieous 
at operation are undoubted factois, though the quantity of the vitieous lost is not the 
essential feature 

Detachment of the retina was observed in 37 cases of aphakia, of which extra- 
capsular extraction had been performed in 23, intracapsular extraction in 7 and 
discission in 7 No deductions can be drawn from these figures, especially with 
respect to the relative frequency of retinal detachment after extracapsular and intia- 
capsular extractions Detachment of the retina after operation for congenital or 
lamellar cataract (discission, or needling) occurred in 6 cases, and in 1 case the 
operation was performed for high myopia Shapland ® drew attention to the fie- 
quency of detachment after discission of soft cataract in a report on 50 cases of 
detachment associated with aphakia, m 22 of which needling for soft cataract was 
performed The detachment occurred after an average interval of twenty-foui and 
six-tenths years Of 40 eyes with congenital cataract in Shapland’s series, detach- 
ment occurred in 33 The bad prognosis he asciibed to progressive myopia, and 
no benefit resulted from operation for the detachment Moore ® gave it as his 
opinion that removal of a lens, whether by exti action or by discission, piedisposed 
to the development of detachment of the retina, and this in no negligible degiee 
Detachment occurred more frequently after the needling operation for soft cataract, 
and this, he suspected, was because of tbe piospect for so much longer life after this 
operation than after the usual extraction for hard cataract Moore was so impressed 
by the poor prognosis of the needling operation for young patients that he doubted 
the wisdom of remo\al of both lenses for lamellar cataract unless the opacity was 
so dense that the eye was of little value if the operation was not done 

10 East Fifty-Fourth Street 

8 Shapland, C D Retinal Detachment in Aphakia, Tr Ophth Soc U Kingdom 54 
176, 1934 

9 kfoorc, F Diatherm\ in Ophthalmologj% Tr Ophth Soc U Kingdom 53 487, 1933 
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PLASTIC SHELL FOR USE IN THE SIMPLE EVISCERATION 

OF THE GLOBE 

Sanford R Gifford, MD, Chicago 

After many yeais of expeiience with Harold Gifford’s method of simple 
evisceiation of the globe, the only disadvantage which I have noted, when propei 
indications are obseived, is the occurrence of conjunctival chemosis It will be 
remembered that the opeiation consists m an incision acioss the cornea and into 
the sclera at each side, removal of the oculai contents by an evisceration spoon and 
careful wiping of the inside of the scleral shell with sponges to lemove all uveal 
tissue The entire cornea is retained No sutures need be employed, or, at most, 
one sutuie between the lips of the corneal wound to keep them fiom overlapping 
during the healing process ma}^ be used No implant is employed The normal 
attachments of the conjunctiva are not disturbed, and, as a result of the trauma of 
evisceration, fluid tends to collect within and beneath the conjunctiva This 



Plastic shell for use in the simple evisceration of the globe 


chemosis may be seveie, to the extent of protrusion between the lids, a phenomenon 
alarming to the patient 

Various means have been tried to combat this complication, the most effective 
being the constant use of finely cracked ice in a rubber glove and a pressure 
dressing To be effective the pressure dressing must be applied either constantly, 
which excludes the use of ice, or eveiy night, while the ice is not in use In spite 
of these measures, or because of the difficulties in carrying them out rigorously in 
practice, difficulty witli chemosis continued to occur not infrequently 

Hence an attempt was made to exert even pressure on tlie conjunctiva by some 
foiin of shell Several experiments resulted m the shell shown in the figure This 
device resembles m shape a shell prosthesis, it measures 24 by 20 mm m frontal 
dimensions and has a curve 7 mm m depth The shell is made with either white or 
transparent plastic material, the latter having the advantage that the stump may be 
observed without removing the shell The same shell will fit either eye, and one 
m the dimensions given has been found to fit nearly all patients without difficulty 
ibis includes children as young as 8 years With infants it would be necessary to 
employ a snwller shell The shell is inexpensive and may be sterilized in alcohol 
Rard-Parker solution = so that it may be used by more than one patient 
Ihe shell IS inserted on the operating table at the end of evisceration, and ice 
is applied m the usual manner through a single layer of gauze during the daytime 

of Ophthalmology, Northwestern University Medical School 
This shell is made by Mager and Gougelmann, 30 North Michigan Avenue, Chicago 
..nf" composition^ of the Bard-Parker solution is as follows ethvl alcohol 67 8 ner 
cent, methjl alcohol, 9o per cent, formaldehyde, 8 per cent, and water, 14 9 per cent ^ 
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for one week after opeiation With the shell in place it is not necessary to apply 
piessure at night, since the pressuie of the lids on the shell prevents the occurrence 
of chemosis The shell is easily removed for dressings by the suction cup used foi 
insertion of contact glasses, but in the case of children it has pioved practical to leave 
it in place for hvo weeks, at which time the first prosthesis may be fitted Use 
of the shell is continued usuall}’’ for this length of time, as if it is lemoved sooner 
chemosis may develop It is usually best to postpone the fitting of a peimanent 
piosthesis for at least two months, since slight changes in the shape of the stump 
occur during this time 

In addition to preventing chemosis, the shell holds the sclera and the coinea in 
coirect position, so that the tissues are allowed to shrink unifoimly The impression 
has been gained that the stump is more regular and a little laiger when the shell 
has been employed than when pressuie has been applied without a shell 

In addition to its use after evisceration, employment of the shell is of advantage 
after enucleation with an implant in Tenon’s capsule, an opeiation which may be 
followed by considerable chemosis The additional use of a piessure dressing for 
two weeks is considered of great importance, howeA'^ei, aftei any implantation, to 
prevent displacement of the implant 

720 North Michigan Boulevard 


BILATERAL METASTATIC CARCINOMA OF CHOROID 

Report of a Case 

George Martin McBean, M D , Chicago 

BedelU in a report of a case of bilateral metastatic carcinoma of the choroid, 
stated that only 250 cases of this condition have been recorded It is late to lecord 
such a case ^\hlch I encounteied in 1916, but because of its rarity it should be 
listed 

Miss G D, aged 52, ^\hlte, a school teaclier, had had both breasts removed for carcinoma, 
with recurrence of the neoplasm about the right clavicle, for which she was undergoing 
roentgen therapj' 

The right eje show'ed an area of episcleritis on the temporal side and the fundus a pale 
graj zone, about the size of the disk and slightly elevated, under the insertion of the external 
rectus muscle There w’as a scintillating scotoma, but the field otherwise was not contracted 
Two weeks later sciere pain developed about the right eye and the right side of the head, a 
subconjunctival hemorrhage also appeared while she was in the hospital under the surgeon’s 
care He had ordered instillation of atropine When I saw her the next day, the tension 
was elevated, and the media were too hazj to permit visualization of the fundus The tension 
(Schiotz) was plus 60 kliotic drugs were instilled, and a paracentesis was done Dr 
Cassius Wescott examined her with me in consultation, and later we did an iridectomj 
Mtliough tension was reduced, severe pain recurred, the eye became blind, and enucleation 
was done Dr E V L Brown and Dr Francis Lane, who studied the eye, observed the 
tumor under the insertion of the external rectus muscle 

iMetastases occurred later in other regions of the bodj, including the femur of one leg, 
which underwent spontaneous fracture Sliortlv before the patient died, I examined the left 
eve, which was becoming blind, and found a wide retinal detachment covering a solid growth 
Enucleation was not permitted cither before or after death, but I believe this eve was also 
the scat of a metastatic carcinoma 

25 East M ashmgton Street 


I Bedell A J Bilateral Metastatic Carcinoma of the Ciioroid, A.rcli Ophth 30 25 
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LOCAL ANESTHESIA IN OPHTHALMOLOGY 
WALTER S ATKINSON, MD 

WATERTOWN, N Y 

The aim o£ this aiticle is to assemble and make easily available the moie generally 
accepted methods of local anesthesia m ophthalmic practice A few modifications 
that have been tried and found satisfactory aie included 

HISTORICAL REVIEW 

Anesthesia has unquestionably been one of the great factois in the evolution of 
modern surgery and is, in a large measuie, responsible for the tiemendous advance 
that has been made in surgery since 1846, when it was introduced It is difficult to 
picture surgery without the aid of anesthesia, but this was the situation less than 
one hundred years ago In spite of the fact that the desire to prevent pain during 
surgical operations dates back to antiquity, this aim was not realized until compara- 
tively recently 

The early Egyptian, Chinese, Greek and Roman physicians attempted to allay the 
pain incident to surgical operations by the use of alcoholic beverages, dunks with 
narcotic propeities and inhalations of narcotic drugs In medieval times the spongia 
sommfeja, or “sleep sponges,” were very popular and were rather generally used 
in an attempt to pioduce surgical anesthesia In the “Antidotanum” of Nicolaus 
Salernitanus an interesting account of these sponges is given 

Take of opium of Thebes one ounce, juice of hemlock, poppy capsules, juice of mandra- 
gora, juice of wood-ivy, of each, one ounce Put all these into a vessel together with a new 
sponge which is just as it came from the sea and has not been in contact with fresh water 
Place the vessel in the sun during the dog-days until the sponge is needed, moisten it with 
a little hot water and apply it to the patient’s nostrils, and he will quickly fall asleep When 
you wish to rouse him, apply the juice of fennel-root, and he will soon wake 

This piescription expi esses all the confidence of modem advertisements The use 
of these “sleep sponges” was giadually discontinued because m doses sufficiently 
large to pioduce naicosis the drugs were distinctly dangerous and m smallei 
quantities the results were disappointing Also, as suggested m the “Bibliotheca 
Osleuana,” the sponges were abandoned partly because of the introduction of the 
touiniquet for amputations and operations on the extremities 

The ophthalmologic poition of the “Tetiabiblion” of Aetius of Amida (502- 
574 AD), which covers rather full)'- the ophthalmology of the ancients, makes no 
mention of any attempt at anesthesia in surgical operations In chapter LXVIII, m 
discussing the operation foi trichiasis, he commented “As, however, a few patients, 
because of cowardice, can never bring themselves to take an operation ” 

This, with similar references, leads one to believe that, in lieu of anesthesia, the 
ancients relied principally on stalwart assistants to secure a quiet, if not a relaxed, 
patient That the patients ivere not ahvays quiet is evident fiom another statement, 
regarding the operation for pterygium, in which Aetius remarked that care must be 
observed in order to avoid cutting the lids 

This rc\ lew is a rcMsion of a candidate’s thesis for membership in the American Ophthal- 
niological Socich (Local Anesthesia in Ophthalmolog\ , Tr Am Ophth Soc 32 399, 1934) 

777 



780 


ARCHIVES OF OPHTHALMOLOGY' 


These opeiations are mentioned particularly because of the histoiical mteiest 
they possess However, enucleation with local anesthesia did not meet with general 
appioval, probably owing to the alarming toxic ef¥ects that followed the strong 
solutions of cocaine used 

Some years later enucleation with local anesthesia was levived by Siegnst,^^ 
Lo^\ enstein,^" SeideH® and others, a weaker solution of cocaine, piocaine oi a 
similar substance being used At present enucleations aie done easily and painlessly 
with the use of local anesthesia, and with many surgeons it is the pi ocedui e of choice 

Infiltration with cocaine near oi into the nerves was first repoited in 1884 by 
Hall,^^ who obseived that the tissues supplied by the nerves so treated became 
anesthetic The technic of this proceduie, which is now spoken of as neive block, 
has been gieatly improved and is in general use 

The toxicity of cocaine vas quickly realized, but not until many unhapp}' lesults 
had followed its use, particulail}'^ in general surgeiy, in which laiger quantities 
were used than in ophthalmic surger}'^ Many of the unfortunate accidents were 
probably due to the rapid injection and absorption of strong solutions of the diug 

Also, epinephiine had not yet been discovered Cocaine still holds an impoitant 
position in ophthalmic surgerjq although in many proceduies it has been leplaced 
by^ less toxic and more efficient drugs 

After the discovery of the chemical composition of cocaine and its atomic gi oup- 
ing by Einhorn,^'' the synthetic pi eparation of this alkaloid became possible This 
served as a starting point foi interesting experiments in which the anesthesiophoie 
atomic group was combined with new atomic groups This chemical leseaich 
resulted in the discovery of a number of new local anesthetics, such as plienacaine, 
eucaine and compounds of the orthoform gioup, and latei of stovaine, amydiicaine, 
and procaine — certainly a triumph of an exact science 

In 1901 Takamine isolated the active salts of the adienal gland and added 
epinephrine to the pharmacopeia This contribution increased greatly the efficacy 
of local anesthesia and facilitated operative piocedures m which considerable bleeding 
IS encountered 

Until the introduction of ethei, in 1846, the success of opeiations on the eye was 
largely dependent on the speed of the suigeon and the stoicism of the patient 
Although the necessity for speed has long since been eliminated by the impioved 
methods of both general and local anesthesia, some ophthalmic surgeons still extol 
the Mrtiie of speed and place unwarranted emphasis and impoitance on it 

Such drugs as cocaine, ether and chloroform were known for yeais befoie their 
anesthetic propeities were fully appreciated and used So, also, much of the piesent 
knowledge of physiology and anatomy is allow^ed to he dormant, and in the technic 
of local anesthesia man) of the advances and improvements are not given the 
recognition that they deserve 

snx^soRY distriiujTiox to rtgion or the orbit 

Since the aim of anesthesia is to eliminate pain, a consideration of the distribution 
of pain sense m the different tissues wnth which the ophthalmologist has to deal 
seems a logical approach to the problem No doubt the pain sense varies m diffeient 
persons, as does the interpretation of pain by different siiigeons The hteiatiire 

11 Sicpri't, A Klin ^foIntsbl f \iigtnli 45 106 1907 

12 Low en'stein, \ Klin Momtsbl f Augcnb 46 592, 1908 

13 Seidel E Klin Momtsbl f \ugenb 49 329, 1911 

14 Hall, R J New York M J 40 643 1884 

15 Einliom Airinchen mcd Wdinsclir 46 218, 1899 

16 Takamine 7 lierap Gir 17 221, 1901 
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furnishes many examples of this, and the following case illustrates the point An 
operation for the removal of a toe nail was reported by Shaw," who stated that after 
the toe was wrapped in cotton saturated with cocaine for a few minutes, the nail 
was divided and removed without pain 

According to Braun, the skin, with its innumerable nerve endings, is probably 
the most sensitive tissue in the body Although the skin has a highly developed 
pain and tactile sense, which is more acute m some areas than in others, it can hardly 
be considered more sensitive than the cornea One can easily demonstrate this by 
touching the skin and then the cornea with a wisp of cotton However, the skin is 
extremely sensitive to pain, and if the surgeon is to retain the confidence of the 
patient, it is well for him to avoid causing unnecessary pain In the introduction of 
the anesthetic agent, the pain caused when the skin is pieiced may be practically 
eliminated if the skin is rendeied insensitive by the pioduction, first, of an intra- 
dermal wheal , 

The loose subcutaneous tissue possesses little, if any, sensibility, although 
numerous conducting neives containing sensory fibers for the skin traverse this 
area One may produce pain by cutting or by making traction on these nerves, 
but, as a lule, no pain will be experienced when a needle passes through the sub- 
cutaneous tissue unless it comes in contact with one of the small sensory 
nei ve trunks 

In this respect, the orbital tissue coi responds to the subcutaneous tissue, and the 
intioduction of a needle, as in orbital injections, is piactically painless if the skin 
has fiist been anesthetized by the pioduction of a small intradermal wheal, piovided 
the peiiosteum is not pricked with the needle and the muscles and nerves are 
avoided 

The neive distribution m muscles is practically the same as that in connective 
tissue, so that veiy shaip pam is caused if the sensory nerves are touched However, 
if the neive is not encounteied, a needle may be introduced into healthy muscle tissue 
without its causing pain Muscle fascia and the suriounding connective tissue are 
distinctly sensitive, so that if the needle is passed through these tissues without the 
paits being first anesthetized pain is experienced 

Tendon tissue appears to be without sensibility However, the connective 
tissue coveiing the tendon and the tendon sheaths possesses a varying degree of 
pain sense Joint capsules, ligaments, synovial membranes and periosteum are 
extiemely sensitive, and if they are pricked by the needle considerable pain may be 
pioduced Theie seems to be some difference of opinion with regard to the sen- 
sitivity of the bones, but m general they can be considered as having little pain sense 
Hus IS not tiue of the medulla of long bones, in which, however, sensibility is not 
acute Cartilage is insensitive, but the perichondrium is well supplied with nerves 
and IS veiy sensitive to pain 

Since the margins of the eyelids aie richly supplied with sensory nerves, they 
aie the most scnsitn^e part of the lids Although the conjunctiva and the cornea 
are extremely sensitive, they can easily be rendered insensitive by the instillation of a 
few drops of an anesthetic agent if the eye is not red and inflamed 

MEXTAL ATTITUDE OE THE PATIENT AND THE SURGEON 

In opeiations perfoimed wnth local anesthesia, particularly ophthalmic pio- 
cediires, tli e piopei mental attitude of both the patient and the surgeon is so 

17 Shaw New York AI J 40-588. 1884 

18 Bnun,-* p 29 
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important that a consideration of this subject seems warranted Often the entire 
important procedure of the production of anesthesia is consigned to the assistant 
or to the intern, and quite properly too, provided he has been instructed adequately 
and IS sufficiently familiar with the technic In visiting large clinics one occasionally 
sees a patient who is so frightened by the prehminar)’- preparation that the surgeon 
finds It difficult to quiet him and to regain the confidence necessaiy to obtain his 
full cooperation 

Apprehension is usuall}'' the greatest cause of suffering before the operation In 
order to assure the patient that every precaution will be taken to insure his safety 
and comfort, it is necessary to inspire confidence, and the surgeon who can obtain 
this rarely encounters a patient who “behaves badly ” The patient is vitally 
interested in having a successful result , so if he does not cooperate, it is frequently 
the fault of the surgeon Certainly, in most instances, the surgeon begins with the 
advantage of having the patient’s confidence , otherwise he would not have entrusted 
his most valuable possession, sight, to that surgeon The operator should strive to 
strengthen this confidence and endeavor in every way possible to avoid undermining 
it The aim of all surgeons is to secure good results With operators of equal 
surgical skill, the one who gains the patient’s confidence will undoubtedly have the 
greatest number of good results 

Local anesthesia demands and allows deliberation and care in all the manipula- 
tions of the operator A confident, orderly atmosphere in the hospital, particulaily 
in tlie operating room, and a comfortable, well padded operating table invite 
complacency In the preparation of the patient, careful attention should be given 
to the minor details Patients are particularly sensitive at this time, so that the 
instillation of a drop without warning oi the accidental introduction of soap, iodine, 
or the like, in the eye greatly upsets the patient’s equilibrium Hurried or inefficient 
attempts to produce anesthesia may inflict unnecessary pain Even the slightest 
needle prick will, in certain patients, cause considerable pain, for at the time the 
anesthetic is introduced the patient is most apprehensive, his sensitivity to pain is 
greatly exaggerated and each succeeding needle prick seems to be of increasing 
intensity It is, therefore, of the greatest importance to induce anesthesia painlessly 
m order to retain and strengthen the patient’s confidence 

Haste should be avoided, and the operation should not be attempted until com- 
plete anesthesia has been secured Any complaint of pain usually indicates the 
inefficient administration of the anesthetic rather than a defect m the anesthetic 
procedure, the anesthetic agent or the patient It is best not to proceed with the 
operation until complete anesthesia is obtained, and then it will rarely be necessarj 
to resort to the v ell kno^\ n “vocal anesthesia ” For the surgeon to scold and blame 
the patient, the assistants or the nurses or to charge the failure to faulty instruments 
indicates usually a lack of self control on his part 

With a limited number of patients the temperament or mental makeup offers 
difficulties Patients undoubtedly differ to as great an extent m their mental as in 
their physical characteristics, so they must be approached as differently as one 
would approach the \arious surgical conditions encountered 

In man} cases fear is the chief barrier that prevents one from operating on 
cliildren with the use of local anesthesia An experienced nurse who has won the 
confidence of a child can often engage its attention with interesting conveisation, 
which allows the operation to proceed smooth!} Often with adults, if the attention 
of the patient can be dnerted, the operation will be easier and pleasanter for all 
concemed Remarks such as “Did that hurt or “We are almost finished’’ should 
ccrtainl} be a\oided 


ATKINSON— LOCAL ANESTHESIA 


783 


While the use of a sedative or hypnotic, such as one of the barbituric acid group, 
before operation aids greatly in giving one a confident, quiet and complacent patient, 
it is, nevertheless, of secondary impoitance and should be considered only as an 
aid ’ Sedatives of the barbituric acid group have the added value of counteracting 
to some extent the toxic action of the anesthetic agent 


AGENTS FOR LOCAL ANESTHESIA 


Since the advent of cocaine, chemists have pioduced numerous substitutes, some 
of which have in large measure replaced cocaine, particularly in cases in which the 
anesthetic is injected for block or infiltration anesthesia A consideiation of all the 
local anesthetic agents is obviously unnecessary Only a few of the more generally 
accepted ones which are particularly suited to ophthalmic surgery will be considered 

Instillation Anesthesia — For instillation anesthesia, cocaine, phenacame (holo- 
caine), butacaine (butyn) and tetracaine (pontocame) are the agents most fie- 
quently used 

Cocaine Cocaine hydiochloiide is the salt of cocaine that is geneially used as an 
anesthetic agent It is a white, ciystallme powder, leadily soluble in water and 
m alcohol According to the leport of the Committee on Local Anesthetics in 
Ophthalmic W ork of the American Medical Association,^® cocaine may be sterilized 
by boiling without impairment of its efficacy Biaun stated that no material loss 
of cocaine follows a single, rapid boiling of a small quantity of the solution, whereas 
lepeated boilings of large quantities cause a diminution in the cocaine content, with 
diminished activity of the solution 

To prepare a fresh sterile solution of cocaine, Mikulicz recommended that the 
cocaine be dissolved m alcohol in a sterile flask stoppered with cotton and that 
when the alcohol evaporates sterile water or saline solution be added to the residue 
According to the aforementioned report,’^® the addition of 5 grains (0 325 Gm ) o'f 
boric acid powder to each ounce (29 5 cc ) of solution tends to preserve the solution, 
so that it will remain active longer 

The physiologic action of cocaine is that of a protoplasmic poison It paralyzes 
temporarily, and without permanent damage, the sensory and motor peripheral 
nerves, and if brought into direct contact with sensory or motor fibers, it causes them 
to lose their power to transmit impulses The sensory fibeis are affected more 
quickly and easily than the motor fibers 

It IS generally agreed that for infiltration or block anesthesia there are safer and 
bettei drugs than cocaine In referring to these types of anesthesia, Braun dis- 
missed cocaine as follows “Cocain, at least in surgery, has become obsolete ” 
Labat®® stated (page 39) that “cocam has been practically discaided except for 
contact anesthesia of mucous membrane ” 

General cocaine poisoning will be considered only briefly, since such highly toxic 
diugs as cocaine are no longer accepted for infiltration or block anesthesia, and in 
the amounts used m ophthalmologic practice it would be unusual for toxic symptoms 
to develop from topical use of the drug When toxic symptoms do appear, the chief 
disturbance occurs m the central nervous system, ^\hlch is most sensitive to cocaine 
In mild forms of poisoning, appearing shoitly after the use of cocaine, there is a 
sudden, usually transient, attack of vertigo, which ma} become more severe, par- 
ticularly if it is allowed to continue Fainting, a small compressible pulse, cold 


19 Report of the Committee on Local Anesthetics m Ophthalmic Work of the American 
Medical Association Tr Sect Ophth A M A , 1921, pp 297-298 

20 Braun, •* p 93 

21 Braun, ■* p 184 

22 Labat, G Regional Anesthesia, Philadelphia, W B Saunders Companj, 1928 
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sweat, irregular and difficult respiration, formication and cold extremities may be 
followed by loss of consciousness The pupils become dilated and fixed Vomiting 
IS frequent Severe poisoning usually begins with epileptiform convulsions, exoph- 
thalmos and loss of consciousness, death results from paralysis of the respiratory 
center 

The local application of cocaine causes contraction of the small capillaries and 
arteries, especially of the mucous membrane, resulting in localized ischemia, followed 
by congestion oi dilatation of the vessels While the newer agents for local anes- 
thesia have an anesthetic action similar to that of cocaine, they do not cause ischemia 

For superficial or surface anesthesia, one instillation of a 4 per cent solution of 
cocaine hydrochloride produces adequate anesthesia in five minutes For deep 
anesthesia, such as is lequired for cataiact extractions, four instillations at three 
minute intervals is the procedure usually followed, and it produces the maximum 
effect in about fifteen minutes 

In addition to the anesthetic action on the e 3 'e, cocaine dilates the pupil and causes 
slight paralysis of accommodation The corneal epithelium is also affected, becoming 
desiccated, particularly if the e 3 '^elids are not kept closed or the cornea is not kept wet 
with a solution of boric acid or some similar solution The tendency of the patient 
to keep the eyelids open and not to wink after the use of cocaine increases the possi- 
bilit 3 '’ of the occuirence of this condition Cocaine also devitalizes the cornea, so 
that if the drug is used for cataract extractions, collapse of the cornea and delay in 
closure of the corneal wound are more frequently observed than with such anesthetic 
agents as butacame and tetracaine For this reason, cocaine is not so desirable for 
the opeiation of corneal tiansplantation, and its use may account for some of the 
grafts’ becoming cloudy 

Cocaine hydrochloride is used in from 1 to 10 pei cent solutions, but the 4 pei 
cent solution is geneially preferred In operations on muscles some surgeons use 
powdered cocaine over the operative field Except when its use is contraindicated, 
epinephrine is instilled in conjunction with the anesthetic agent, in order to constiict 
the A^essels, decrease bleeding and prolong the anesthetic effect Sollmann stated 
that for surface anesthesia the addition of an equal volume of a 0 5 per cent solution 
of sodium bicaibonate to a solution of cocaine increases the activit 3 ’' of the cocaine 
one to two times 

Phenacaine Phenacaine was piepared in 1897 by Taeuber by combining 
molecular quantities of acetophenetidin and phenetidin (ethjl ester of paraamino- 
phenol) Although the basic compounds of phenacaine are insoluble in water, the 
h 3 'drochloi ide of the drug is soluble up to 2 5 per cent and is the salt used 
Phenacaine h 3 ’’drochlonde is incompatible with alkalis and their carbonate bases, so 
that porcelain instead of glass dishes should be used in its preparation It is con- 
siderably more toxic than cocaine and should never be used h 3 qDodermicalIy On 
instillation it produces consideiable irritation, smarting and congestion of the con- 
junctna The anesthetic effect is produced more quickl 3 ’’ than that of cocaine 
There is a slight antiseptic action Phenacaine does not dilate the pupil, does not 
cause desiccation of the cornea and does not de\italize the cornea, as cocaine does 

The solution of phenacaine hydrochloride ma 3 be sterilized by boiling without 
its efficac 3 being affected A 1 per cent solution has been widely used to produce 
surface anestliesia for tonometr 3 " and the removal of foreign bodies It has also 
been emplo 3 'ed 83 ' some surgeons for intraocular operations, such as extraction of 
cataract, and vith the use of epinephrine to produce ischemia, it is a satisfactor 3 ' 

23 Sollmmn, T The Coinpintue EfTicienc 3 of Local Anesthetics, J A A 70 216 
(Tan 26) 1918 
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topical anesthetic However, phenacame has been pretty generally leplaced by 
butacaine, which, in turn, is now being challenged by tetiacaine, because the latter 
causes little sinaiting when it is instilled in the conjunctival sac 

Butacaine Butacaine sulfate was introduced m 1920 , it is a white, amorphous 
powder, piepaied s} nthetically by Adams, Kamm and Volwiler It is freely soluble 
in water and may be sterilized hy boiling without impaiiment of its efficacy It does 
not deterioiate lapidl} on exposuie to light oi an, possibly because it possesses 
ceitain antiseptic properties Butacaine causes precipitation of sodium and other 
chlorides , so it should not be dissolved in a saline solution 

For instillation butacaine sulfate is geneially used in a 2 pei cent solution After 
a single instillation of a 2 p'er cent solution, suiface anesthesia is usually produced in 
one minute and lasts from fifteen to thirty minutes However, two instillations are 
preferable, an inteival of two or three minutes being allowed between each instilla- 
tion Patients aie not equally susceptible to the action of butacaine, but with two 
instillations sufficient anesthesia is produced m practically all peisons to peimit the 
lemoval of rathei deeply embedded foieign bodies without pain The depth, degree 
and duiation of the anesthesia are inci eased by further instillations Four instilla- 
tions of a 2 per cent solution of butacaine sulfate at inteivals of three minutes 
produce piofound anesthesia of the cornea and conjunctiva, and m five or ten 
minutes after the last instillation the maximum effect is reached The average 
duration of anesthesia is about thirty minutes, but the effect may last as long as 
an houi The first instillation causes consideiable smarting and irritation and slight 
hypeiemia of the conjunctiva, which may be controlled with epinephrine 

In the literature no toxic symptoms have been repoited to follow the topical 
use of butacaine in the conjunctival sac The Research Committee of the Council 
on Pharmacy and Chemistry of the Amei ican Medical Association stated that, when 
injected hypodeimically into albino lats, butacaine was two and one-half times as 
toxic as cocaine 


In the repoit of the Committee on Local Anesthetics of the Section on Ophthal- 
molog)^ of the American Medical Association,^^ butacaine was compared with cocaine 
as a local anesthetic, and the unanimous opinion expressed by the Committee was 
that for surface anesthesia butacaine is superior to cocaine, as it acts more quickly 
and IS accompanied by fewer complications Theie are no objectionable effects, such 
as dilatation of the pupil or desiccation of the cornea, and the anesthesia with a 2 per 
cent solution of butacaine sulfate is more profound than that with a 4 per cent 
solution of cocaine hydrochloride Also, no toxic symptoms were noted after the 
instillation of a 2 per cent solution of butacaine sulfate in the conjunctival sac 
Tetracaine Tetracaine, a derivative of procaine, is one of the newer local anes- 
thetics For instillation anesthesia its chief advantage over phenacame and butacaine 
IS the fact that it causes little smarting It is an odorless, white, crystalline sub- 
stance, readily soluble in watei and fairly stable when exposed to light and air It 
sterilized by boiling without decomposition and without impairment of its 
e icacy According to IVilmei and Paton,-° it is compatible with epinephrine, 
atiopine, homatropine, boric acid, pilocarpine, resorcinol, scopolamine and zinc 


\ arious 1 epoi ts agree that when it is given subcutaneously the toxicity of tetra- 
caine is ten times as gi eat as that of procaine, but as it is effective in one-tenth the 

the“amtS°Usc^J a’ If A ^7^' 343''(Fcr4f Anesthetic Report Concerning 
25 Wilnicr H , and Paton, R T Tr Am Ophth Soc 30 31, 1932 
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strength of the ef¥ective dose of piocaine, the relative toxicity is theiefoie about 
the same as that of procaine 

Schmidt/® Lundy and Essex/’^ Singer/® and Kiess repoited on the topical 
use of tetracaine for infiltiation and for spinal anesthesia in over 10,000 cases, lepre- 
senting a great variety of operations They did not lepoit having observed anA' 
toxic effects Schulein i ecommended tetracaine because of the prolonged action 
and the low cost of the drug He stated that with tetracaine the duration of anes- 
thesia IS from four to six houis, Avhereas Avith piocaine it is only from one and a half 
to two hours 

Because tetracaine has a poweiful hypotonic action in aqueous solution, Wilmei 
and Baton advised the use of isotonic solution of sodium chloride as a solvent 
These investigatois, in reporting the use of tetracaine in over 500 cases at the 
Wilmer Ophthalmological Institute, stated that it possesses definite advantages ovei 
other local anesthetics 

Aftei two instillations of tetracaine in 0 5 pei cent solution, suiface anesthesia 
IS produced in about one minute and lasts about twenty minutes With more 
instillations at tAVo to three minute intervals deepei and more piolonged anes- 
thesia IS obtained There is some laciimation, but piactically no hyperemia The 
coineal epithelium is not disturbed, and the size of the pupil, accommodation and 
tension aie not affected 

When these foui local anesthetic agents, cocaine, phenacaine, butacaine and 
tetracaine, are compared, it aviII be noted that the chief advantages of tetiacaine 
are as folloAvs 

1 Little smarting oi congestion of the conjunctiva is pioduced when the drug 
IS instilled in the eye 

2 The action is lapid and prolonged 

3 Tetracaine does not dilate the pupil or devitalize the cornea 

4 Tetracaine has the same relative toxicity as procaine and therefore a gieat 
deal less than cocaine, phenacaine and butacaine 

Occasionally tetracaine may produce conjunctivitis and dermatitis of the lids, 
similai to that Avith atropine and other drugs commonly used in the eye However, 
this 1 eaction is rarely observed Avith tetracaine 

Comment While cocaine is still popular, the chief objections to its use are 
that it dilates the pupil and may influence the tension Also, cocaine causes desicca- 
tion of the corneal epithelium and tends to devitalize the coinea The deletciious 
action of cocaine may retard healing, and in keratoplastic operations it may be 
icsponsible for some of the grafts becoming cloudy It also may account foi the 
more frequent collapse of the coinea obsen^ed m cases of cataract extraction 
Phenacaine and butacaine have practically no advantages ovei tetracaine, and thev 
cause more smarting Ar hen instilled m the eye Metycaine, and possibly other local 
anesthetic agents, may compare fav^orably with tetiacaine, but tetracaine has been 
found ver}' satisfactorj 

Superficial anesthesia sufficient for the removal of foreign bodies from the cornea, 
tonometry and such minor procedures can be produced in from one to fiv'c minutes 
the period depending on the anesthetic agent used Tno instillations should be 

26 Schmidt, H Clururg 3 97, 1931 

27 Lundj, T S and Essex, H E Proc Stiff Meet, Ma\o Clin 6 376, 1931 

28 Singer, R icn med M chnsclir 81 JS93, 1931 

29 Kiess, T Zentnlbl f Chir 57 3090, 1930 

30 Scln'ilcin M Mrinchen nicd Wchneehr 78 1475 1931 
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made The patient is diiected to look upward, the lo\\ei hd is diawii down, and 
several drops of the anesthetic are instilled in the lowei cul-de-sac In two or thiee 
minutes the second instillation is made The patient is asked to look downwai d , the 
upper hd is raised, and seveial drops of the anesthetic are allowed to flow under 
the upper hd and down over the cornea In this way a moie complete anesthesia 
is produced than if both instillations weie given in the lowei cul-de-sac 

With two instillations tonometry is less likely to be unpleasant, a point of some 
importance, since the patient can moie easily hold his eye quiet Also, if the eye is 
not well anesthetized, the patient may conclude that if this appai ently minor pro 
cedure is painful, an operation would be unbearable Foi deepei anesthesia, four 
instillations at thiee minute inteivals should be made, and in fifteen minutes the 
maximum effect is usually pioduced To pioduce ischemia and obtain a bloodless 
field, as well as to prolong the anesthesia, seveial diops of epinephrine hydio- 
chloride, 1 1,000, are also instilled 

Regional oi InfiltiaHon Anesthesia — Procaine In selection of the anesthetic 
foi regional oi infiltiation anesthesia, the fiist consideration should be that of safety 
Second, adequate anesthesia should be produced quickly, without injuiy or iriitation 
to the tissues, and should be of sufficient duration to allow the suigeon ample time to 
complete the operation Thud, the anesthetic agent should be easily available, its 
prepaiation should be simple, and steiilizatioii by boiling should not cause 
deteiioiation 

Procaine fulfils these requirements bettei than any local anesthetic yet pioduced 
Biaun stated that the toxic action of piocame is less pionounced than that of any 
hitheito known anesthetic and that it possesses scarcely any irritating pioperties 
Labat®^ said “Novocain [piocaine] has stood the test foi many years and is the 
drug of choice” The Reseaich Committee of the Council on Pharmacy and 
Chemistr)'’ of the American Medical Association reported that piocaine is the least 
toxic local anesthetic The Committee on Local Anesthetics in Ophthalmic Work 
of the American Medical Association recommended it as the most desirable di ug 
foi infiltiation anesthesia Procaine is now so generally accepted as the safest and 
best agent for production of all legional and infiltration anesthesia that a consideia- 


tion of othei more toxic and less satisfactoiy diugs seems unnecessary 

The salt (hydrochloride) of procaine crystallizes from alcohol in the foim of 
needles, which melt at a teinpeiature of 156 C It is soluble m equal quantities 
of watei, producing a solution which is neutral in reaction and readily soluble in 
isotonic solution of sodium chloride It is pi capitated by alkaline leagents, such 
as sodium caibonate, to foim an insoluble base The crystals may be sterilized in 
the autoclave at a temperature of 110 C , and the watery solution may be sterilized 
^\lthout deterioration by boiling Procaine is lapidly and completely absorbed 
locally, with no destruction of the tissues As there is no peripheral effect on the 
blood vessels, the anesthetic effect is of shoit duiation, so that it is necessary to 
use epinephiine to prevent the lapid absoiption of the drug With the addition 
oi a small amount of epinephiine to the piocaine, analgesia begins almost imme- 
c icite y after the injection and lasts two to three hours Surgical anesthesia starts 
ordinarily m from five to ten minutes and continues one and one-half to two hours 
Piocaine is not so well suited to production of anesthesia of mucous membranes 


Braun, ■» p 117 
p Labat,==^ p 40 

>2a Report of Committee on Bocal 
Medical Association, Tr Sect Ophth \ 


Anesthetics m Ophtlialmic \\ ork of the 
M A, 1921, p 308 
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Biaun ““ slated that a 04 pei cent solution of potassium sulfate added to the 
solution of piocaine hydiochlonde greatly inci eases its anesthetic properties and 
in this concentration produces neither local noi geneial injury When piocaine is 
used in weak solutions and in doses sufficient to produce surgical anesthesia, its 
toxicity IS negligible Labat gave the maximum dose of procaine hydiochlonde 
for robust patients in good physical condition as 150 cc of a 1 pei cent solution 
and 60 cc of a 2 pei cent solution and emphasized the importance of the piopei 
technic and of slow injection 

Although toxic symptoms aie laiely encountered m ophthalmic opeiations, in 
which small quantities of the drug are used, a small amount of a 1 or 2 per cent 
solution injected rapidly oi directty into the circulation may produce toxic symptoms 
These symptoms are lapid pulse, palpitation, frequent, labored breathing, pallor 
of the face, cyanosis of the fingeis, lips and ears, nausea, vomiting, cold sw^eats, 
and blurred vision The lapid pulse, palpitation and rapid and labored breathing 
ma)f also be due to epinephime, aie of short duration, lasting two to three minutes, 
and are not serious If they do occui, the injection should be stopped, in the event 
of moi e serious symptoms, such as pallor, cyanosis and nausea, Labat recom- 
mended subcutaneous injection of the following cardiac stimulant caffeine, 

0 25 Gm , sparteine sulfate, 0 05 Gm , sodium benzoate, 0 30 Gm , and strychnine 
sulfate, 0 001 Gm , put up in a 2 cc ampule After the patient has completely 
lecovered, the injection of the piocaine may be lesumed 

It IS important to prepare an isotonic solution, as hypertonic solutions cause 
shrinkage, and hypotonic solutions swelling, of the cells, with either, destruction 
of the tissue occui s Isotonic solution of sodium chloride is consequently the 
solvent of choice 

Labat emphasized the impoitance of the use of only freshly prepaied solutions 
and of the addition, just before use, of 5 drops of colorless epinephrine hydro- 
chloride, 1 1,000, to 100 cc of the anesthetic solution, irrespective of the strength 
of the solution Until 1920 Labat used 20 diops of epinephime hydrochloride, 

1 1,000, to e\ery 100 cc of the solution of procaine hydrochloride, but he gradually 
1 educed the quantit} to 5 drops and observed that toxic symptoms were less frequent 
and the reactions not so pronounced Solutions of epinephrine that have become 
brown oi pink should be discarded 

For the average patient the maximum dose of epinephrine hydrochloride, 

1 1,000, given subcutaneously or intramuscularly is 10 minims (0 62 cc ) For 
elderl} patients — those with arteiiosclerosis and other lesions of the vascular system 
or diabetes — wdio are frequently encountered in ophthalmic practice, the amount 
should be reduced to 5 drops 

As the quantity of anesthetic solution used m ophthalmic operations is so small 
— rarel} more than 10 cc — one need be concerned little about exceeding the 
maximum safe dose of epinephrine if the proportion of 5 or 10 drops of the 1 1,000 
dilution of epinephrine h} drochloride to 100 cc of anesthetic solution is observed 
The ad\ antages iisuall) ascnbed to the addition of epinephrine to the procaine solu- 
tion are that it hastens, intensifies and lengthens the anesthetic action of the 
procaine 

For minor operations that arc performed in the office or the hospital, often 
requiring less than 1 cc of 2 per cent procaine hydrochloride, a convenient and 
economical preparation is offered bj se\eral phannaceutic houses The procaine 

33 Bniin,'* p 119 

34 Labat p 41 

3' Labat,-- p 45 

3 1 Labat,-- p 46 
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and epinephiine aie furnished in ampules containing 1 cc of a 2 Pe^ 
of procaine hydiochlonde with epinephrine hydi ochloride 1 50,000 oi 1 ZU,UUU 
m concentration, sterile and i eady foi use Lai gei ampules can also be procured, so 
that for the ophthalmic suigeon whose opeiations aie somewhat scatteied the use 
of such ampules, m which the dose is accurate and the percentage assuied, is a 
decided advantage for both office and hospital woik 


INSTRUMENTS 

Syi mges — ^The Luer-Lok 2 and 5 cc syringes (fig 1 ) have been found satis- 
factoiy These syringes have a lock which pi events the needle from coming off 
during the injection They are lighter than the Labat syi mges, which were formerly 
used, and are shown in figure 1 The Luei-Lok syiinge is not damaged by being 
placed in a boiling sterilizer 

Needles — ^Three sizes of needles aie desirable a 27 gage needle, 12 5 mm in 
length, for subconjunctival injections, production of intiadeimal wheals and small 
subcutaneous injections , a 25 gage needle, 2 cm in length, for deeper subcutaneous 
injections, production of akinesia, etc , and a 22 gage needle, 3 5 cm long, for still 
deeper injections, such as retrobulbar injection within the muscular cone and block- 
ing of the lid Platinum-indium needles seem to pass through the skin and tissues 
a little easier than steel needles However, the i ustless steel needles are satisfactory 
The protective metal shield or holder foi the needle prevents the point fiom 
becoming dulled or turned 


NERVE BLOCK, FIELD BLOCK AND INFILTRATION ANESTHESIA 

Inh aderiml Wheal (fig 2) — Before the skin is pierced for an injection, an 
intiadermal wheal should be made to avoid pioduction of unnecessary pain For 
this purpose the 27 gage needle is used The skin is stretched with the index finger, 
and the needle is held flat against the skin The point of the needle is then intio- 
duced just under the epidermis, with the bevel edge up, and a little procame- 
epinephrine solution is injected, this gives the site of the injection a somewhat 
bleached appearance, and the skin immediately becomes insensitive For the skin 
of the lids, which is extremely thin and loose, a little fold may be made with the 
thumb and the index fingei, the needle mseited at the summit of the fold and a 
similar wheal raised 

Local Anesthesia — ^By this term, one usually lefers to a pioceduie by which 
a part of the body is rendered insensitive to pain, whether by topical application of 
the anesthetic agent, infiltiation at the site of the incision oi regional anesthesia, 
which Labat defined as “the result of a certain number of delicate surgical pro- 
ceduies by which it is possible to control pain tempoiarily by interrupting the 
sensory nerve conductivity of any region of the body Motoi function is occasionally 
interfered with ” 

Local anesthesia may be produced in two ways 

1 By nerve block, which is accomplished by injection of the anesthetic agent 
aiound the neive supplying the part, so that the conductivity of the nerve is 
inteifered with 

2 By field block, in which a wall of anesthesia is pioduced that renders the 
operative field insensitive to pain This wall of anesthesia blocks all the nerves 
supplyii^ the operative field and does not aim at any individual nerve, as in nerve 
block Fust, an mtradeimal wheal is raised, thiough which the needle is introduced 


37 Labat,-- p 1 
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perpendiculai ly , the solution is injected slowly as the needle advances until it 
reaches the deepest lasers of the soft tissues into which injection is to be made 
The needle is then vithdiawn until the point reaches the subcutaneous tissues, and 
the solution is slowly injected as the needle is withdrawn The direction of the 
needle is then changed, the point being advanced along the line to be blocked and 
the needle introduced obliquely This proceduie is lepeated several times, the needle 
being inclined moi e obliquely each time A second wheal is then raised m line with 
the fiist. and the procedure is lepeated until a wall of sufficient length is produced 
It IS often necessary to sui round the opeiative area with a wall of anesthesia, the 
n idth depending on the nei ve supply of the part to be operated on This procedure 
IS applicable in some plastic opeiations, and the principal advantage is the lack of 
infiltration of the operative field, which might interfere with healing or distoit the 
tissues of the part involved Also, if there is much scar tissue, the field cannot 
be infiltiated satisfactoiily With field block the anesthesia lasts longei because the 
anesthetic solution does not escape when the incision is made, as it does when the 
tissue along the site of the incision is infiltiated 

In production of regional anesthesia it is extiemely important to visuah/e 
the analomic featuies of the opeiative field, particularlv vith legaid to the nerve 



r ig^ure 1 Figure 2 

1 ig 1 — Luer-Lok syringes, of 2 and 5 cc capacity 
~ — T eclinic of pi oduction of nitradermal wheal 


disti ibiition and the bon} landmarks that sene as a guide for the various injections 
It IS assumed that an accuiate knowledge of the anatomic relations has been 
acquired and the onh references to the structure involved wnll be in connection 
w ith the technic cmplo} ed 

Ancslhclic Solution — 1 he anesthetic solution used in production of the following 
forms of anesthesia, unless otherw ise staled, contains procaine hydrochloride, 2 pei 
cent, and epinephrine h} drochloride 1 1,000, 1 drop to each 5 cc of anesthetic 
solution being used 

lufUtialion Aiicsihcsui — After an mtradeimal wheal is raised, the needle is 
introduced through the wheal and the anesthetic solution is injected slowly as the 
needle adiances If there are am large ^essels m the vicinity, one should aspirate 
the contents of the needle occasional!} to make sure that the needle has not enteied 
a \esscl 

Subcoujum I'Z’al lujcclton — For this procedure the 2 cc syiinge with the 
27 gage needle is used The lids arc held open with the thumb and finger or with a 
speculum The point of the needle is slid gently o\er the conjunctna until a fold 
appears m front of the point the syringe is then lotated a boring effect being 
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piocluced In this way even a dull needle passes easily and gentl> thiough the 
coniunctiva without the necessit}' of forceps or of quick jabbing 

Many excellent articles dealing with anesthesia in ophthalmic surgeiy have been 
published, but often specific and minute details legarding the technic have been 
omitted, the authors evidently assuming that their leaders were familiar with them 
From personal observation, this assumption seems hardly justified , it is with some 
temerity, however, that space is given to these important, although familiar, academic 

details 

RETROBULBAR INJECTION WITHIN THE MUSCULAR CONE 

Indications — Indications for this procedure are (1) enucleation and evisceia- 
tion , (2) intraocular operations, and (3) operations m which there is considerable 
traction on the muscles, such as advancement of an extraocular muscle 

Piocedwe and Comment — -The letrobulbai injection should be preceded by 
pioduction of the usual instillation anesthesia A small intradermal wheal is first 
laised a shoit distance below the infenoi tempoial margin of the orbit (fig 2) 



Figure 3 Figure 4 

F]g 3— Skull, showing position of the needle for retiobulbar mjecUon within the muscular 
<.onc 

Fig 4 — Reti obulbar injection within the musculai cone (Atkinson, W S Local Anes- 
thesia in Ophthalmology, Tr Am Ophth Soc 32.399, 1934) 

When injection is to be made into the right orbit, the patient is dnected to look 
upward and to the left (figs 3, 4 and 5) The 22 gage needle, 3 5 cm m length, is 
then introduced through the wheal, and the skin is moved upward with the needle 
so that the point just clears the inferior orbital margin The needle is then directed 
upi\ard and imvaid, midway between the exteinal and the mfeiior rectus muscles, 
and is advanced toward the apex of the orbit for 2 5 to 3 5 cm , the distance depend- 
ing on the size of the orbit When the needle has leached a depth of fiom 2 5 to 
3 cm , one should aspirate the contents before the solution is injected in order 
to be sure that the needle has not entered a xessel However, m this location 
It is piacticalh impossible to entei a vessel unless it is anomalous, since the vessel^ 
heie are normally smaller than the needle and aie freely movable From 1 to 
1 a cc of the 2 per cent solution of procaine hj^drochloride is injected slowly, care 
being taken not to pioduce undue pioptosis by too large an injection Foi the 
majoiiti of operations on the globe 1 cc is sufficient but foi some operations on 
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muscles and for enucleation 3 cc or more may be injected, as the pioptosis does no 
harm and, particularly with painful eyes, moie piocaine is desirable 

Gentle massage with a rotary motion of the globe causes the procaine solution to 
become more thoroughly diffused within the muscular cone In this way moie 
complete and rapid anesthesia is produced Anesthesia of the muscles is not 
obtained as rapidly as anesthesia of the globe, so for enucleation and operations 
in which there is considerable traction on the muscles it is advisable to wait five oi 
ten minutes before beginning the operation 

By means of the injection within the musculai cone, all of the sensory neives 
to the eyeball are blocked, and complete anesthesia of the globe is obtained regaidless 
of how inflamed or painful the eye may be Pressure on the inflamed eye, which 
before the injection caused severe pain, is not noticed now The rectus muscles, 
except the superior rectus, are also rendered piactically insensitive to traction 
The injection within the muscular cone also causes paiesis of the rectus muscles 
except the superioi rectus, so that the patient cannot easily look down There- 



Fig 5 — Diagrammatic sketdi show mg the cve turned up and away from the site of the 
injection, so that the fascial extension is mored forward and up, out of the way 

fore, for such operations as extraction of cataract it is advisable to use a suture under 
the superior rectus muscle (bridle suture), but with the rectus muscles inactive little 
traction is required to hold the eye in the desired position and bettei fixation of the 
globe is thus obtained Also, with paresis of the rectus muscles the so-called 
squeeze, wuth loss of Mtreous, caused by their contraction is less likely to occur 
The superior rectus muscle usually remains active and may be sensitive to trac- 
tion For prevention of pain when this muscle is picked up for the introduction 
of a bndle suture or for an operation in which there is traction on the muscle, 
additional anesthesia is necessarj This maj be accomplished by an injection of 
0 5 cc of the anesthetic solution through the conjunctna of the upper cul-de-sac 
With the superior rectus muscle actne and with paresis of the other extrinsic 
muscles, there is torsion of the globe, with rotation tow'ard the nose The torsion 
IS increased when a suture is used under the superior rectus muscle Therefore, if 
indectom} is to be performed, it should be done from 10 to 15 degrees to the nasal 
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side, so that the coloboma will be at axis 90 when the muscles again function 
normally While this is of no particular importance from a visual standpoint, a 
roloboma looks better in the vertical meridian 

When the eye is red and inflamed, as m cases of acute glaucoma, a subcon- 
junctival injection should also be given, since the inflamed conjunctiva is not well 
anesthetized by topical application Only the conjunctiva immediately surrounding 
the cornea for a distance of about 3 oi 4 mm is rendered insensitive by an injection 
within the muscular cone, since its nerve supply is from the ciliary nerves, which 
are within the cone The rest of the conjunctiva is innervated by the supraorbital, 
supiatrochlear, infiatrochleai, mfiaorbital and lacrimal neives, all of which are 
outside the muscular cone and are seldom reached by the anesthetic injected within 
the cone When the eye is inflamed, less pain is caused if the subconjunctival injec- 
tion IS given aftei the retrobulbai injection For the subconjunctival injection the 



Fig 6 — Posterior view of the eyeball, showing the fascial sheaths and, in part, the fascial 
extension which closes the spaces for a little distance back of the globe (from Whitnall ^s) 

needle may be intioduced thiough the insensitive conjunctiva directly sui rounding 
the cornea, and if succeeding injections aie made through blebs produced by the 
anesthetic, little pain will be expeiienced In this way, pain due to the use of fixation 
forceps and to suture of the conjunctiva is avoided m eyes that are inflamed 
and painful 

With such complete anesthesia of the globe, and the e}e practically immobile, 
together with paralysis of the orbiculaiis muscle, operations on the globe can be 
perfoimed wnth the same deliberate precision that one can use when operating on 
a pig’s e} e 

If the patient looks upw^ard and away fiom the site of the injection, access to the 
muscular cone is easier The extension of the fascial sheath of the muscles which 
closes the spaces betw^een the rectus muscles for a little distance back of the globe 
IS in this way moved forward and upw'ard, out of the way, so that the needle does 
not stiike it, as is shown diagrammatically in figure 5 If the needle does strike 
the sheath, pain is pioduced The sheath is also somewdiat tough, and the needle 
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does not penetiate it easily, with the result that the globe lotates, which to some 
extent interferes with the introduction of the needle and the equilibrium of 
the patient 

Procaine injected within the muscular cone is appaiently held within the cone, 
since the nerves outside the muscular cone aie rarely affected How is the solution 
of piocame held within the musculai cone, since theie is no demonstiable fascia 
between the rectus muscles, posterior to the globe, as they conveige to their attach- 
ment at the apex of the orbit ^ Anteriorly, the escape of fluid is pi evented by the 
globe, surrounded by Tenon’s capsule, and by the adjacent margins of the sheaths 
of the four rectus muscles, which aie continuous with one another, with a wide 
sweep between them, as shovn m figuie 6 (from Whitnall,®® fig 15) In this 
manner, an intiamuscular membrane is foimed which, according to Whitnall, exists 
for a short distance behind the globe Beyond this the muscles conveige to then 
attachment through the annulus ot Zinn, at the apex of the orbit, and their margins 
come closer together, so that comparative!}^ little space is left between them In this 



} 


I ig 7 — Scheme showing the position of the annulus of Zinn and the relative position of 
the nertes which enter the orbit through the superior orbital fissure, both within and outside 
the mnulus (after Whitnall'*® and Poirier [Traite d’anatoinie humaine, ed 1, Pans, Wasson 
S. Cie, 1911, ^oI 5]) 

location the escape of the procaine solution is probably prevented, or at least 
1 etarded, by the closely packed laj er of fat, evith its connective tissue reticulum 
According to Whitnall,^'’ the orbital fat which fills the entire space in the orbit 
not occupied by other structui cs e ai les in consistency m different regions Within 
the muscular cone the fat has the appearance of large and loosely connected lobules, 
broken up b} the passage of the ner\cs and vessels Outside” the muscular cone 
the fat IS more firmly and closely packed and contains a quantity of connective 
tissue, which is closel} attached to the muscular sheaths No doubt this fat and 
connectne tissue senes as a sufficient barrier so that the anesthetic solution is held 
within the cone with production of anesthesia or blocking of the nerves that traverse 
It, name!} the nasociliar}" nerve, the long and short ciliary ner\es, the ciliar} gan- 
glion, the optic nerve and all the motor cranial nerves except the trochlear, or 
fourth (figs 7 and S) 

3S Wbilmll, S E The Amtonn of the Human Orbit and Accc<;sor> Organs oi \ i‘-ion 
I ondon, H Erowde, Hodder S. 'Stoughton, 1921 
39 W bitn->ll V 297 
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A decrease in the mtiaocular tension occuis aftei injection within the cone If 
the amount of epinephrine hydiochloride (1 1,000) is increased to 3 drops to 5 cc 
of the anesthetic solution, the deciease in the intraocular tension is greater, and a 
decrease of as much as 20 to 30 mm of meicury may be noted m cases of acute 
glaucoma with high tension 

After the injection within the cone theie is often noticeable deepening ot the 
antenoi chamber, paiticularly when the amount of epinephrine hydrochloride is 
increased This indicates a deciease in the fluid contents of the eye posterioi to the 
diaphiagm The incision is thus made easier in cases m which the chambei has 
been shallow Also, with lowering of the piessure behind the lens the anteiioi 
capsule appears to become relaxed In some cases the capsule of the lens, which 
piior to operation appeared to be too tight to be grasped with smooth forceps, was 
found to be loose after an injection within the cone, so that a good bite of the capsule 
could be obtained with the forceps 

With some methods of intracapsulai exti action of cataiact a deciease in the 
mtiaoculai tension seems to be an advantage, as it lessens the possibility of piolapse 



Fig 8 — Diagram of nerves within and outside the inusculai cone 


ot the Mtieous In extraction with capsulotomy it is often moie difficult to express 
the lens when the tension is decreased With deeply set eyes the opeiation is 
somewhat facilitated if the eye is slightly pioptosed With lowered tension the ins 
maj^ not prolapse w^ell in corneoscleral trephinings, an incident which may be 
embaiiassing The decrease in the mtiaocular tension following the injection of 
piocaine and epinephrine wnthin the cone may be accounted foi by the constricting 
action of the epinephrine on the arteries entering the globe, an effect which would 
tend to deciease the amount of blood entering the globe but would not impede its 
exit through the venae vorticosae, since the solution does not reach them, located 
as they aie m the episcleial space The fiee anastomosis of the venae voiticosae 
and other oibital veins rvith the facial vein allows free exit of the blood 

Neivl}' foimed aqueous which Duke-Elder termed “plasmoid aqueous,” con- 
tains a largei proportion of colloid molecules, or plasma pioteins, than does the 
noimal aqueous If this fluid is a dialysate due to dilatation of the capillaiies of the 
ciliai}' body aftei escape of the normal aqueous then injection of procaine and 
cpmephiine ivithin the cone not only rvould be of lalue as an anesthetic but, as 


* 1 , Dwhc-Eldcr, W S The Nature of the Intra-Ocular Fluids, British Journal of Oph- 
tlnhuolog^, Monograph Supplement 3, London, George Pulman and Sons, 1927 
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pointed out Fiiedenwald,^^ would prevent a postopei ative inciease m tension 
The action of the epinephrine reduces the edema of the intraocular tissue, par- 
ticularly that of the ciliary body and ciliary processes Thus, dialysis is limited, and 
more neaily normal aqueous is formed, which diminishes the occurrence of so-called 
plastic iritis and the formation of synechiae 

This simple and efficient method of obtaining complete anesthesia of the globe 
has been levived, m a great measure, by the investigations of Lowenstem,^^ undei 
the diiection of Elschnig With a view to injection into the ciliary ganglion foi 
complete anesthesia of inflamed and painful eyes for enucleation, Lowenstein made a 
study of the exact location of this ganglion By using a 5 cm needle and introducing 
It through the conjunctiva temporally, just below the maigin of the external rectus 
muscle, for a distance of 4 5 cm , he found the point to be just in front of the gan- 
glion Injections made in this manner within a few minutes pioduced complete 
insensibility of the most painful eyes 

Latei, Elschnig modified the technic and introduced the needle thiough the sKin 
at the infenoi tempoial margin of the orbit, ratber than thiough the conjunctiva 
The suffering caused by traction and pressure on painful eyes is thus avoided The 
method also allows easiei access to the muscular cone In observations on llie 
cadavei, Lowenstein noted that the optic nerve was often pierced with a 5 cm 
needle and that a dj^e could be injected into the optic sheath leadily without any dye’s 
being found free m the orbit This indicates how easily the optic nerve may lie 
injuied if a 4 5 01 a 5 cm needle is used The procedure of Lowenstein has been 
referred to as injection into the ciliary ganglion It is not suiprising that many 
suigeons have hesitated to try it, and well they might, if the term is taken literally 
It would, indeed, lequire the most exact technic to inject an anesthetic into the tiny, 
elongated ganglion, 2 mm m length, lying as it does m the orbital fat within the 
muscular cone, about 1 cm in front of the annulus of Ziiin, between the external 
lectus muscle and the optic neive, and close to the ophthalmic aitery That it is 
desirable to block the ciliary ganglion for many operative procedures is not ques- 
tioned But this can be done safely and easily by use of a 3 5 cm needle and 
injection of the anesthetic solution more anteriorly within the musculai cone In 
this location, because of the looselj'^ connected fat lobules, the solution diffuses 
quickh and peimeates thoroughly the ciliary ganglion, a fact undoubtedly appre- 
ciated by Knapp ncai Iv fifty years ago, when he employed and i epoi ted on the 
use of retrobular injection to produce anesthesia of the globe foi enucleation 

Dinerger,'*' aftei experiments on the cadavei with needles of v'arious lengths 
concluded that a 3 5 cm needle is pieferable for all orbital injections except those 
to be made at the extreme apex, and for these he found that the 4 5 cm needle was 
just long enough to reach the optic foramen, but not to pass thiough it With 
the 3 5 cm needle Du\ erger was unable to pierce the optic nerve even after he had 
remoi ed the temporal portion of the orbital wall so that he could observe the point 
of the needle, mIiicIi had been introduced at the infenoi tempoial margin ot the orbit 
The point of the needle ahvajs eluded the nene, because in this location the nerve 
is free!} mm able The same propert) applies to the vessels heie The>, also, are 
small, so that the iisk of one’s injuring them is slight Nevertheless, the possibility 
of orbital bemorrhage is often mentioned as an objection to retrobulbar injection 
Data on over 8,000 retrobulbar injections showed 8 orbital hemorrhages, 5 of which 
were admittedh due to faultv technic In no instance was the eve damaged If a 

41 rnedenwnid T S \m J Oplith 15 189, 1932 

42 Diwcrgcr, C L’lncctlicsn Locvlc cn ophtlnlinologic, Pans, Masson 6L Cie, 1920 
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4 5 or 5 cm needle is used and the point is earned to the apex of the orbit, obi lously 
a vessel or the optic nerve might easily be pierced, because here they converge to 
reach their bony exits and are fixed This dangei is avoided by the use o a 
3 5 cm needle Duverger also claimed that the best approach for injection within 
the muscular cone is from the inferior temporal margin of the orbit 

Branches and Sensojy Distubukon of the Ophthalmic and Maccillary Dimsions 

oj the Trigeminal Neive ^ 


Xer\ e 


Frontal 


Lacrimal 


Branches 

f Supraorbital 
I Supratrochlear 


Ophthalmic Division 


Sensory Supply 


Internal frontal 
Evtcrnal frontal 
Branch to infratrochlear 


Eyelids 

Diploe and frontal sinus 
f Skin of forehead above head of eyebrow 
■i Skin and conjunctiva of upper lid and side of 


nose 


NasoeiJiarj 


Sensorj root to ciliary ganglion 
Two long ciliary ner^ es 


Infratrochlear, or external nasal 


Eyeball 


Internal nasal 


Anastomosis with the zygomaticotemporal 
branch of zygomatic 


Cornea 
Ins 

Ciliary body 

Bulbar conjunctiva immediately 
around cornea 
, Sheath of optic nerve 
Internal canthus 

Skin and conjunctiva mainly of upper lid, some 
of lower lid 
Root of nose 
Lacrimal sac 
Oanaliculi 
Caruncle 

Mucous membrane and anterior part of septum 

Middle and inferior eonehae 

Lateral wall of nose 

Skin and cartilaginous end of nose 

tLacrimal gland 

I Conjunctiva and skin of upper hd temporally 

Skin of forepart of forehead up to lateral side 
of orbit 
Skin of cheek 


Maxillary, or Second, Division 


Recurrent, or middle meningeal 

Temporal— communicates with lacrimal 7 
Zjgomntic nerve j 

Malar 


Sphenopalatine 


Posterior superior alveolar 
Middle superior alveolar 
Anterior superior alveolar 


Infraorbital 


Inferior palpebral 
External nasal 

Superior labial 


Dura mater 

i Skin of forepart of forehead up to 1 item! side 
? of orbit 
Skin of cheek 
Palate and nasal cavity 
Periorbita 

Orbitalis muscle (involuntary) 

Sphenoid sinus 
Posterior ethmoid cells 

f Lacrimal gland 

Minute fibers to ) Sixth nerve 

1 Ciliary ganglion 

, I Optic sheath 

( Molar teeth 
■i Gums 

I Mucous membrane of maxillary sinus 
Two premolar teeth 

Lower part of lacrimal sac and nasal duct 
Mucous membrane of nasal cavity 
Incisor and canine teeth 
Skin and conjuneti\ a of lower lid 
Skin of side of nose 

Skin of cheek 

Mucous membrane and skin of upper lip 


Elschnig, in a personal communication, on Nov 18, 1930, stated that he had 
made orbital injections regularly for more than five years In about 2,000 intra> 
bulbar operations, 4 orbital hemorrhages occurred, which Elschnig attributed to 
faulty technic Thej’^ did no harm, although in 1 case the operation had to be 
postponed until the following day 

The table shows at a glance the branches and the sensory distribution of the 
ophthalmic and the maxillarj', or second, division of the trigeminal nerve 
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OPERATION ON THE LACRIMAL SAC 

Anesthesia for operation on the lacrimal sac is obtained by blocking the external 
nasal, or intrati ochleai , and the infraorbital nerve 

The inf rati ocblear nerve is the direct continuation in the orbit of the nasocihaiy, 
or nasal, nerve aftei the larger branch leaves the orbit by passing through the 
anterioi ethmoid foramen (fig 9) The mfiati ochleai nerve lies close to the 
superioi nasal wall of the orbit It luns beneath the superior oblique muscle and 
the ti ochlea, and at this point there is a communicating bi anch to the supratrochleai 
neive Before pieicing the septum orbitale the infratrochlear nerve divides into 
seveial branches to supply the skin and the conjunctiva of the lids near the inteinal 
canthub the canaliculi the cai uncle the laciimal sac and the loot of the nose 



Fig 9— Dngram showing the distribution of branches of the ophthalmic division ot the 
trigennml ncr\(. (after A hitnall, p 342 3*1) 

BI OCK or THE IXFRATROCHLEAR NCRVL 
A wheal is raised at the superior nasal angle of the orbit A 3 5 cm needle is 
then introduced through the wheal just a little above and to the nasal side of the 
trochlea (figs 11 and 12) It should be kept close to the superior nasal wall, and a 
small quantit} of procaine solution should be injected as the needle advances At a 
depth of about 3 cm 2 or 3 cc of a 2 per cent solution of procaine hydrochloride 
with epinephrine Indrochlonde is injected On withdiawal of the needle, about 
0 5 cc should be injected along the orbital margin in the vicinity of the supraorbital 
notcli anterior to the septum orbitale but close to the periosteum Occasionally the 
angular \ein is pierced but if care is taken not to inject the solution wdiile the needle 
Ill the lumen no harm w ill be done although the resulting ccchymosis is aniioi mg 



ATKINSON— LOCAL ANESTHESIA 


799 


BLOCK OF THE INFRAORBITAL NERVE 

Atidtoui'ic I^clotious — The superior nia.xilla.ry nerve enteis the orbit thiough the 
inferior orbital fissure at about its midpoint and is then called the infraorbital nerve 
The infraorbital nerve runs forward along the floor of the orbit, beneath the peii- 
orbita, in the infraorbital groove and canal In the forepart of the infraorbital canal, 
a few millimeters fiom the foiamen, the antenoi superior alveolar bianch is given 
off This small bianch passes thiough minute osseous canals to supply the lower 
part of the lacrimal sac and the nasal duct, as well as the incisor and the canine 
teeth The mfiaoibital neive passes thiough the mfiaorbital foramen and divides 



Fig 10 — Approximate positions of the main vessels of the face winch sliould be avoided, 
particularly m blocking the infratrochleai nerve (from Whitnall 



Figure 11 Figure 12 

Fig 11 —Skull, showing needle in position to produce block of the infratrochlear nerve 
Fig 12 Method of blocking the infratrochlear nerve 


into Its terminal blanches to supply the conjunctiva and skin of the lower lid the 

skin of the cheek, the skin of the side of the nose and the skin and mucormembrane 
ot the upper lip 

The infraorbital foramen is located about 0 5 to 1 cm below the inferior orbital 

margin, about 2 5 cm from the midline of the face, and in line with the supiaorbital 

notch Just below the center of the mfeiioi oibital margin a depiession can usuallv 
be felt m which the foramen is located uepiession can usually 
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The infiaorbital canal is from 1 to 1 5 cm m length, and the angle vanes con- 
siderably in diflferent skulls A grooved depression leads up to the foramen and 
aids considerably m location of the latter After the needle enters the foramen, the 
angle of the needle can be changed to correspond to the angle of the canal, and 
the needle can then be introduced easily, •with practically no resistance 

Procedwc — K wheal is raised about 1 cm from the middle of the ala of the 
nose The same needle is introduced through the wheal almost to the bone and is 
then directed upward and temporally at an angle of about 20 degrees (figs 13 
and 14) As the needle advances the procaine solution is injected The point 
of the needle is kept in contact with the bone until the foramen is felt, it is then 
introduced from 0 5 to 1 cm along the infraorbital canal and 1 cc of a 2 per cent 
solution of piocaine hydrochloride is injected The needle should be introduced 
into the canal, otherwise the anterioi superior alveolar nerve will not be blocked 
If this nerve is not blocked, some pain may be experienced when the sac is excised 
at the enti ance of the nasal duct and when the nasal duct is curetted 

Labat suggested that the left index finger be placed over the foramen, as an 
indication of its location and the axis of the infraorbital canal This makes it easier 



Figure 13 Figure 14 

Fig 13 — Skull showing the needle in position for injection into the infraorbital canal to 
block the infraorbital and the anterior superior alveolar nerve (A 3 5 cm needle was used 
in this picture in order better to show the angle, but for the injection the 2 cm needle is used ) 
Fig 14 — Injection into the infraorbital canal to block the infraorbital and anterior superior 
alveolar nerves 

to find the foramen with the needle Injection into this nerve produces anesthesia of 
the conjunctiva and the skin of the lower hd, the skin of the cheek, the skin of the 
side of the nose, the skin and the mucous membrane of the upper lip, the lower part 
of the lacrimal sac, the nasal duct and the inasor and canine teeth 

For the operation of dacrj'ocystorhmostomy, besides block of the infratrochlear 
and the infraorbital nerve, topical anesthesia of the nasal mucous membrane should 
be obtained by the use of a nasal pack 

FIELD BLOCK FOR ANESTHESIA OF THE LIDS 
Since there are so much overlapping and variation m the sensory nerve supply 
of the lids (fig 15), it is simpler in operations involving a considerable area of the 
lids to produce a field block rather than to trj to block the individual nen^es 

43 Labit,*- p 117 
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Procedure— A wheal is laised at the center of the oibital maigm (fig 15), 
above or below, the position depending on which lid is to be blocked, and t e 
3 5 cm needle is introduced through the wheal The point of the needle should 
follow the orbital margin closely but should not penetrate the orbital septum 
A 2 per cent solution of procaine hydrochloride with epinephrine hydrochloride 
(1 1 000) IS injected slowly as the needle advances In order to inject the anes- 
thetic all along the margin and to infiltrate well the tissue around the nerves that 
emerge from the orbit, it is necessary to withdraw the needle a little and redirect 
It several times The injection should not be made just undei the skin, but should 
be done close to the periosteum About 0 5 cc of the anesthetic solution should be 

injected deep in the vicinity of the supiaorbital notch 

After the anesthetic solution has been injected along one-half the superior or the 
inferior orbital margin, the location depending on which lid is to be blocked. 



Fig 15 — Right eye The sensory nerve supply is shown by solid lines and the orbital 
margin by the dotted outline Left eye The dot and arrows indicate the site and direction 
of the injection (modified from Whitnall, pp 20 and 176 38) 


the needle is partially withdrawn, it is then redirected and the solution injected 
along the other half of the orbital margin 

For removal of small tumors of the lids, such as papilloma, infiltration at the site 
of the tumor is usually sufficient and is the simplest method It also decreases the 
bleeding Foi chalazion and operations involving the margin of the hd, which, 
owing to Its rich nerve supply, is extremely sensitive, instillation anesthesia and 
infiltration at the site of the chalazion are often not sufficient to make the operation 
painless However, instillation anesthesia and an injection of 1 cc of the anesthetic 
solution through the conjunctiva of the cul-de-sac in the area corresponding to the 
chalazion more frequently produce complete anesthesia 

In operations in which large conjunctival flaps are raised, instillation anesthesia 
IS often not sufficient and pain ma)'^ be experienced, particularly when the flap is 
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sutuied This may be due to the incomplete anesthetization of the deeper lai'eis of 
the conjunctiva or the subconjunctival tissue or to the rapid escape of the tissue 
fluids when the flap is raised, which favors the more i apid return of sensibility This 
IS also true in operations for pterygium By the use of subconjunctival injections 
m such operations unnecessary pain is avoided 

AKINESIA 

The desirability of pioduction of tempoiar)"^ paialysis of the orbicularis muscle 
by block of the temporofacial division of the facial nerve for intraocular opeiations, 
pai ticulai ly extraction of cataract, is so generally conceded that comment is unneces- 



Fig 16 — ^Method of block of the temporofacial division of the facial nerve to produce 
temporary paralysis of the orbicularis muscle 

sary Of the various modifications of the van Lint method, the simplest and most 
satisfactory is the one proposed by O’Brien His description follows 

The point of the injection is just anterior to the tragus of the ear, below the posterior 
portion of the zygomatic process and directly over the condyloid process of the mandible 
Going straight inward with a sharp needle, one strikes the bonj condyloid process at a depth 
•of about 1 cm As soon as this bone is felt with the needle, I begin injecting 2 per cent 
solution of procain hydrochloride, and, graduallj withdrawing, inject about 2 cc of solution 
Lid paraljsis begins to appear usually in from thirtj to sixty seconds, and, after a \ery feu 
minutes, is so marked that the patient is unable to close the lids, and the palpebral fissure is 
widely opened [fig 16] 

44 O’Brien C S Local Anesthesia in Ophtlnlmic Surgen , Tr Sect Ophth , A Jvf A , 
1927, P 250 
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The course of the blanches of the seventh nerve which supply the oibiculaiis 
muscle often vanes considerably, so that paralysis is not always secured with the 
first iniection If, aftei several minutes, the action of the muscle has not been 
affected, anothei injection should be given The point of injection should be 
changed slightly, the more common variations in the course of the nerve being borne 
in mind The object of the injection should be accomplished before one proceeds 

with the operation 

Sharp pain is caused if the periosteum of the condyloid process is pricked , it 
should therefore be avoided After the injection of 2 to 3 cc of the anesthetic 
solution, deep massage, with firm pressure over the site of the injection, will pioduce 
more lapid and complete paialysis of the orbicularis muscle 

When moie prolonged paralysis of the orbiculaiis muscle is desired, as with 
patients who have a tic, with spasmodic contractions not only of the orbiculai is 
but of other facial muscles, alcohol may be added to the solution injected 

The following solution causes little pain when injected, and the paresis lasts 
seven to ten days, sometimes longer isotonic solution of sodium chloride U S P , 
8 cc , pi ocaine hydrochloi ide, 0 2 Gm , and absolute alcohol, 2 cc Less pain will 
be experienced if 1 5 cc of the anesthetic solution is first injected and the syringe 
removed, the needle being left in place Beginning paresis of the orbiculaiis 
muscle indicates that the needle is in the proper position The syringe, containing 
the alcoholic solution, is then attached to the needle, and 1 5 cc is injected 

In selection of the method of anesthesia for any operation, the age and tempera- 
ment of the patient must be considered With the use of instillation anesthesia only, 
many operations on the eye may be successfully performed with no apparent dis- 
comfort m a somewhat laige proportion of patients Because of this, the surgeon 
often does not make use of the procedures that produce more complete anesthesia, 
legarding them as unnecessary and superfluous There is, however, a small per- 
centage of patients for whom instillation anesthesia is not sufficient or who are less 
stoical than others These are the patients who so often squeeze and damage then 
eyes seriously or who, through inability to hold the eye quiet, make the operation 
moie difficult Since it is not possible before operation to select the patients who 
will not squeeze the eyes or who will hold well, it seems wisei for the surgeon to err 
on the side of caution and always obtain complete anesthesia befoie he begins the 
opeiation 

For all operations on the globe in which a forcible conti action of the orbiculaiis 
muscle might injure the eye this muscle should be temporarily paralyzed Also, in 
operations for strabismus the procedure is made easier if the lids are lelaxed Smce 
this can be done easily, one seems hardly justified in taking the chance of injuiy 
to the eye in this way by not obtaining paralysis of tlie orbicularis muscle before 
beginning the opeiation 

USE OF SEDATIVES 

The careful use of sedatives before operation will assist greatly m production of 
a quiet, tranquil patient The various sedatives act differently m different persons 
In some they inciease the excitability and may cause nausea and vomiting, so that it 
does not seem advisable to use any sedative, particularly m cases of operation on the 
globe. Without one s first ascertaining the action of the drug on that particular 
patient Usuall) the patient is admitted to the hospital at least one day before the 
opei ation On the first night in the hospital a sedative can be given , this allows 
the operator not only to learn the action of the drug on that patient, but to determine 
wliether the drug acts in the usual manner, besides, it gives the patient a quiet 
lestful sleep, which is excellent pieliininai} preparation for the operation If there 
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IS no undesirable reaction, it is usually safe to use the drug again before the patient 
goes to the operating room Many patients, especially the older ones, are 
accustomed to taking a sedative, if so, it is wise to use the drug to which the 
patient is accustomed 

Some of the barbituric acid group, such as phenobarbital, sodium amytal and 
pentobarbital sodium, have a satisfactory action and rarely cause nausea or other 
undesirable reactions These drugs have the effect of quieting and calming the 
patient, which adds greatly to the ease of the operation Also, they have the added 
value of counteracting, to some extent, the toxic action of the anesthetic employed 
The dose vanes somewhat for different patients As a test dose, 1^ grains 
(0 097 Gm ) of phenobarbital may be given the patient before he retires Then, if 
satisfactory, a dose of from to 3 grains (0 097 to 0 195 Gm ) may be given an 
hour before the operation 

APPROPRIATE METHODS OF ANESTHESIA 

In the following paragraphs are listed, in alphabetical order, the different opera- 
tions on the eye, with a brief indication for each operation of a method for production 
of complete anesthesia, previously described in detail 

Ablation of Staphyloma — Sharp pain usually accompanies the sudden decrease 
of intraocular tension, which often precipitates forcible contraction of the orbicularis 
muscle, so that complete anesthesia is desirable An appropriate method of induc- 
tion of such anesthesia consists in instillation of anesthetic (page 787), retrobulbar 
injection within the muscular cone (page 791), induction of akinesia (page 802) 
and subconjunctival injection, if the eye is inflamed (page 790) 

Abscission of Prolapsed lus — Instillation anesthesia, induction of akinesia and 
subconjunctival injection, since the eye is usually inflamed, are indicated This pro- 
cedure IS usually sufficient, but if the eye is severely inflamed and painful and the 
wound is not large, injection within the muscular cone should also be made, so that 
when traction is exerted on the ins no pam will be experienced The operation can 
then be completed leisurely and carefully, without danger to the eye 

Blephaioplasty — ^The method of anesthesia used will depend on the extent of the 
involvement and the individual features of the case By means of infiltration anes- 
thesia and field or nerve block, extensive plastic operations may be performed 
satisfactorily 

Slitting of the Canaliculus — The appropriate method consists of instillation of 
anesthetic (page 787) and infiltration just below the canaliculus 

Canthotomy — The appropriate method of anesthesia consists of instillation of 
anesthetic and infiltrations of the subcutaneous and deeper tissues between the 
external canthus and the orbital margin 

Canthoplasty — The same method of anesthesia as that used for canthotomy 
IS indicated except that the lids are infiltrated as far as the operation is to extend 
If the infiltration is followed by pressure and massage, there will be little distortion of 
the operative field Block of the lid (page 801) may be used and thus infiltration of 
the operative field be avoided, but this is rarely necessary 

Capsiilotomy, oi Discission of the Capsule — Instillation anesthesia is usually 
sufficient for the discission of congenital or juvenile cataracts except with babies and 
),oung children, for whom general anesthesia is indicated For removal of secondaiy 
or membranous cataracts, in v Inch the capsule is thick and tough, instillation anes- 
thesia IS not sufficient To avoid the pain caused by traction on the ciliary processes, 
subconjunctival injections above and below the cornea should be given Frequently, 
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patients who have had a discission with instillation anesthesia lemark that they did 
not feel the exti action but that the needling was veiy painful 

Exh action of Cataract —Instillation anesthesia, induction of akinesia and letio- 
bulbar injection of the muscular cone are indicated In cases of dislocated cataract 
in nhich the eye is inflamed and painful a subconjmictival injection should also be 
made to avoid production of pain when the fixation foiceps is used 

Cautci izatwii of the Cotiiea (ulcei , keiatoconus) — Instillation anesthesia is 
usually sufficient except in an opei ation in which the coi nea is to be perforated , 
then letrobulbar injection of the musculai cone should be made to prevent the sharp 
pain incident to the sudden evacuation of the anteiior chamber If the eye is 
inflamed, as with a coineal ulcer, a subconjunctival injection should be given to avoid 
piocluction of pain when the fixation foiceps is used 

Chalazion — Instillation anesthesia and injection thiough the conjunctiva of the 
cul-de-sac into the aiea con espondiiig to the chalazion (page 801) constitute the 
method of anesthesia 

Coloboma and Injuiies of the Lids — Instillation anesthesia and block of the hd 
(page 801) 01 infiltration aiound the area involved are indicated 

Incision foi Acute Daciyocystifis — ^The procedure is less painful if ethyl chloride 
IS sprayed on a cotton applicator and applied to the site of the incision On account 
of the seveie indui ation and swelling, infilti ation anesthesia oi nerve block is often 
not advisable 

Dacjyocystoi hinostomy — ^The method of anesthesia consists of block of the 
infiatiochlear (page 789) and the infraorbital (page 799) nerve and use of a nasal 
pack 


Detachnimt of the Retina (miciodiathermic punctures, ignipuncture) — Instilla- 
tion anesthesia and injection of the muscular cone (page 791) are indicated 

Echopion and Entropion — The method of anesthesia varies according to the 
opei ation to be peifoimed For cauteiization, instillation and infiltration anesthesia 
aie sufficient Foi the moie extensive plastic opeiations involving the lid, infiltra- 
tion anesthesia (page 787) or block of the hd (page 801) is necessary 

Enucleation and Eviscci atwn — 'Instillation anesthesia, injection of the muscular 
cone and subconjunctival injection, if the eye is inflamed and painful, are indicated 
Extirpation of the Lacnmal Gland — Instillation anesthesia and infiltiation 


along the supeiior temporal margin of the oibit (page 787) are indicated 

Extii patwn of the Lacumal Sac- — Block of the infratrochleai and the infia- 
oibital nerve (page 798) pioduces complete anesthesia without any disturbance of 
the anatomic stiuctures aiound the sac By the infiltiation method the sac can be 
icmoved without pain, but if the nasal duct is to be cuietted, pain is usually 
cxpeiienced Bj^ use of pressuie and massage after infiltiation of the tissue ovei 
the sac, aiound the top of the sac and the region about the entiance of the naso- 
lacrimal duct, the anatomic stiuctmes and landmarks are disturbed very little 

Foieign Body in the Co? nea — Instillation anesthesia is indicated One instil- 
ation IS often sufficient, but the introduction of a few extra drops lequnes 
ittle time and adds great!) to the comfort of the patient and the ease with which 
t le oftending paiticle is lemoved , m the end it frequently saves time and epithelium 

appiopnate procedure for induction of anes- 
c a consists o instillation of anesthetic, induction of akinesia, injection 

iiin-, ned’'wi?'“‘‘'f“"‘^ and subconjunctival injection, if the eye is red and 
iiinaiiicd \Mieii a foreign body is reiiioied tliroiigli a scleral incision, a retro- 
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bulbar injection of the anesthetic with an added amount of epinephrine hydiochloride 
has the advantage of making the eye soft, so that the danger of presentation of the 
vitreous is lessened 

Glaucoma (Cyclodialysis ^ Iridectomy, Indotasis, Lagiange’s Opeiatwn, 
Sclerotomy) — Instillation anesthesia, induction of akinesia, injection within the 
muscular cone and subconjunctival injection are indicated The last injection 
should be made if the eye is inflamed and painful, as in cases of acute glaucoma, 
otherwise the use of the fixaton forceps causes pain 

By the retrobulbar injection the pain incident to a sudden decrease of tension 
IS avoided Also, a postoperative increase in tension, due to edema of the ciliary 
processes, or the so-called quiet iritis, is less likely to occur In some of the 
aforementioned operations production of akinesia may be superfluous, but if the 
patient squeezes the eye hard after the incision is made considerable damage may 
easily be produced, induction of akinesia does no haim and requires only a few 
minutes 

For the corneoscleral trephination, a 05 per cent solution of tetracaine hydio- 
chloride, a 2 per cent solution of butacaine sulfate or an anesthetic that does not 
dilate the pupil is instilled Epinephrine hydrochloride is not used until just before 
the operation is begun 

Subconjunctival injections of a 2 per cent solution of procaine hydrochloride 
are made at the nasal and the temporal side of the cornea and through the con- 
junctiva of the upper cul-de-sac deep along the superior rectus muscle 

Injection within the muscular cone gives more complete anesthesia, and if only 
1 drop of epinephrine hydrochloride (1 1,000) to 10 cc of 2 per cent procaine 
hydrochloride is used, the tension is not lowered enough to prevent prolapse of 
the ins 

Induction of akinesia is advisable, as the patient’s squeezing the eye after 
the aqueous escapes may injure the lens or cause prolapse of the ciliary processes 

hictsioii of Hoideoliim — Although this incision is a simple proceduie, it is 
extremely painful A cotton applicatoi saturated with ethyl chloride and applied 
to the site of the incision renders the operation less painful If there are not too 
much swelling and induration, often the lid around the hordeolum can be infilti ated 
so that little pain is experienced, m some cases block of the nerve or lid is most 
satisfactory (page 801) 

hidectomy, Iridotomy — Instillation anesthesia, induction of akinesia, injection 
within the muscular cone and subconjunctival injection, if the eye is inflamed and 
painful, are indicated In some iridotomies in which a small incision is made m 
the cornea, such as that foi ms bombe, akinesia is not necessary 

Kei otoplasty — Instillation anesthesia, induction of akinesia and injection within 
the muscular cone are indicated As cocaine somewhat devitalizes the cornea, its 
use may account for some of the grafts’ becoming cloudy For this operation use 
of other anesthetic agents for instillation, such as tetracaine, seems advisable 

Kionlein Opeiation — While this operation is usually performed with the patient 
under general anesthesia, it may also be done with local anesthesia, just as are 
many intracranial operations 

The t}pe of anesthesia to be used depends to a great extent on the oibital 
iinohement With large orbital tumors, particularly vasculai growths, an orbital 
block IS not advisable With small tumors, or when the operation is done to relieve 
exophthalmos, the procedure may be accomplished with a field block surrounding 
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the fii ea of operation After the bone flap lias been raised, intraorbital inj ections 
can be used as necessary, the indication depending on the amount of orbital 
interference 

Opeiahons on Mitscles (Advancement, “Ctnclmig’' of Tucking Opeiations, 
Recession. Resection) —Instillation of anesthetic and injection within the muscular 
cone constitute the method used The paresis of the muscles caused by the letiobul- 
bai injection is an objection but is not so serious as with general anesthesia How- 
evei, before the opeiation the suigeon has usually estimated the amount of correction 
necessary and has decided on just how much advancement, resection oi recession 
of the muscle he will produce, so that the paresis is not a serious handicap A deep 
injection may be made along the muscle, but it does not pi event the pain caused by 
traction on othei muscles, and frequently the injected solution balloons the 
surrounding tissues, so that the operation is made more difficult Also, an injection 
within the cone is as easy and safe as a deep injection along the muscle 

Tenotomy of the rectus muscles can be performed satisfactorily with instillation 
anesthesia, but usually it causes some pain, which can be avoided by either injection 
within the muscular cone or injection in the vicinity of the muscle to be tenotomized , 
if massage with pressure is employed, the anatomic relations are not disturbed 
enough to interfere with a satisfactory tenotomy 

Tenotomy of the Injenoi Oblique Muscle — 1 A wheal is laised in the vicinity of 
the inferioi nasal margin of the orbit (page 789) 2 Tissues beneath the skin and 

the deeper tissues along the orbital margin in the vicinity of the attachment of the 
inferior oblique muscle aie infiltrated (page 787) If the tenotomy is to be done 
thiough the conjunctiva, instillation anesthesia should be used, and the injection 
along the orbital margin may be made through the conjunctiva of the lower 
cul-de-sac 

Opticociliaiy Neuiotoiny — The method employed is instillation ot anesthetic, 
injection within the cone and subconjunctival injection, since the e}e is usually 
inflamed and painful 

Paracentesis of the Coinea and Scleia — ^The eye is usually inflamed, and the 
operation, although simple, is generally extremely painful unless complete anesthesia 
IS obtained The method consists m instillation of anesthetic, injection within the 
muscular cone, subconjunctival injection, if the eye is inflamed (otherwise the use 
of fixation forceps is painful), and, in some cases, induction of akinesia 

Plastic Opeiations — Since plastic opeiations vary to such a degiee with each 
patient, it is not piactical to attempt to outline a definite procedure for induction of 
anesthesia While some extensive plastic operations require general anesthesia, 
many can be perfoimed with local anesthesia by means of infiltration, nerve block 
and field block (page 789) Scar tissue cannot be satisfactorily infiltrated, but unless 
it IS extensive, the area can usually be lendeied anesthetic by the use of field or 
ncive block 

Piobiiig of the Lacunial Duct — Instillation anesthesia and the injection ot 
seveial diops of the anesthetic solution into the lacrimal sac somewhat relieve the 
pain but block of the iiifratrochlear and the anterior superior alveolai nerve 
(page 796) lendei s the procedure practically painless For passage of small probes, 
in which little pressure is exerted, instillation into the conjunctival and lacrimal 
sacs IS usually sufficient, but insertion of a laige piobe, if anesthesia is not 
adequate, is usualh ver}’' painful 

P(r;ypuf7j; -—Instillation anesthesia and subconjunctival injection under the 
ptcijgium, and below the cornea if transplantation is to be made beIow% are indicated 
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Ptosis — The operations foi ptosis aie numeious, but the majoiity can be 
performed with the aid of local anesthesia, paiticularly if the patient is not too 
young 

Here, again, the procedure for induction of anesthesia depends on the operation 
to be performed For operations that involve the superior rectus muscle, such as 
the Motais operation, the following procedure is adequate instillation of anes- 
thetic, injection within the muscular cone, subconjunctival injection into the upper 
cul-de-sac and infiltration undei the skin of the hd. where the sutures pass through 
the skin 

SaemiscH’s Ket ototomy — Instillation anesthesia, injection within the cone and 
subconjunctival injection, to avoid pain on use of the fixation forceps, aie adequate 

Tattooing — 'Instillation anesthesia is adequate 

Trachoma — Expression Instillation anesthesia and subconjunctival injection 
into the cul-de-sac of a large amount of anesthetic solution are indicated In young 
children and in some adults general anesthesia is usually necessary, as the operation 
is extremely painful 

Combined Excision of Fornix and Tarsus Instillation anesthesia and sub- 
conjunctival injection of a large amount of ane^hetic solution into the cul-de-sac 
are adequate 

CONCLUSION 

Practically all ophthalmic opeiations may be painlessly and safely performed 
with use of local anesthesia provided the anesthetic is carefully and properly 
administered 
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EMMETROPIA 

To the Edifoi — The concept of emmetropia, though it is fundamental in the 
ophthalmologist’s "work, is hardly as simple and fixed as textbook definitions seem 
to imply As evidence of this one may refer to an article by Dr Edwin S Munson 
(Emmetropia, Arch Ophth 29: 109 [Jan ] 1943) Several points relative 
to emmetropia not touched on in that article are, I believe, of sufficient interest to 
be mentioned 

The aberrations of the eye play an important role not only in deteimination 
of visual acuity but m the very definition of emmetropia Gullstrand, for example, 
made his emmetropic eye 1 00 D hyperopic for paraxial rays To undei stand fully 
the implication of this, one must visualize how the light from an object point is 
acted on by the eye as the light passes through the different mediums In essence, 
every pencil of light from an object which passes through the pupil reaches the 
vitreous as a more or less irregular, cone-shaped bundle of rays — call it conoid 
for shoit — the impact of which on the retina produces a diffusion spot The rays 
which compose the outer layers of the conoid foim innumerable and vaiiously 
placed focal points with one another befoie and after they strike the axis The 
aggregate of these multiple and scattered focal points form the so-called caustic 
In the usual positive spherical aberration, the rays immediately around the axis, 
the so-called paraxial rays, focus farther back on the axis than the marginal lays, 
those passing thiough the edge of the pupil 

The cross section of the conoid wheie it strikes the retina foims a diffusion 
spot, in which the concentiation of light will never be uniform throughout The 
spot differs in size, shape and brightness distribution according to the section of 
the conoid intercepted by the retina Somewhere between the axial focus of the 
marginal rays and the axial focus of the paraxial rays is the “circle of least con- 
fusion ” This forms the nai rowest part, or the “waist,” of the conoid If the 
retina intercepts the conoid at oi near the marginal focus (therefore m front of the 
circle of least confusion), the diffusion patch on the retina will show the greatest 
concentration of light near the periphery of the patch If the retina intercepts the 
conoid at or neai the paraxial focus, the diffusion patch on the retina will sho\< 
the greatest concentration of light near the center of the patch If the retina 
inteicepts the conoid at the circle of least confusion, the difference between the 
light and the dark areas in the patch is generally least and the patch is more nearly 
unifoimly blight 

It seems that the cross section of the conoid which gives best vision, and to 
which the eye tends to adapt itself, vanes not only in diffeient persons but in 
the same person, the section depending on the natme of the object viewed Gull- 
stiaiid stated that the eye adapts itself to a section of the conoid about 1 D in front 
of the paraxial focus Theiefore his “emmetropic” eye, emmetropic in the sense 
that it is best adapted for clear distant vision on the usual charts, has 1 D of hyper- 
opia for pai axial rays 

On the other hand, examination by the ophthalmoeikonometer shows that an 
eye which has been made emmetropic m the sense that it is best adapted for 
di^stant vision on the Snellen chart is about 0 50 D myopic for a target consisting 
0 a minute point of light This can be explained on the supposition that when 
made emmetropic for the Snellen chart the eye chooses a section of the conoid at 
or near the pai axial focus, vhere the greatest concentration of light is near the center, 
but when focusing on a bright point of light it chooses a section of the conoid cor- 
lespondmg to the waist,” or cade of least confusion This point is about 0 50 D m 
lont of the paraxial focus Luckiesh and kloss, in making tests vith an instru- 

S09 
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ment of their own invention, the sensitometer, stated “In the typical emmetiopic 
subject, during a state of complete rest, the eyes are about 0 75 D myopic” This 
bears out the findings of the Dartmouth school This disci epancy they explained 
on the basis of negative relative accommodation, moie likely it is due to the eye’s 
choosing a diflcerent section of the conoid for best vision of different targets 

Thus the concept of emmetropia based on what actually takes place in the 
act of seeing involves consideration of the methods of testing, the size of the 
pupil (“An eye that was emmetropic with a pupil of medium size would have to shov 
hypermetropia amounting to 1 diopter with an infinitely small pupil” [Gullstiand] ), 
the natuie of the test object, the relative illumination of the test object and the 
background and possibly other factors One of the best articles on the effect of the 
letinal diffusion patches on vision and visual acuity is a paper by Dr Walter B 
Lancastei (Stigmatoscopy, Ti Am Ophth Soc 32* 130, 1934) The discussion 
and illustiations, presented m Dr Lancaster’s lucid, inimitable way, will be an eye 
opener to persons whose concept of emmetropia is based on the old, famihai diagiam 
of parallel rays meeting at the retina j ^ 

37 West Ninety- Seventh Street 


CONVERSION FORMULA FOR SNELLEN SYMBOLS 

To the Editoi — Dr Gabriel’s equations, which appeared in the July issue 
(Arch Ophth 30: 138, 1943) are simple and correct for conversion from the 
Snellen to the Nav}’' terminology Why not make the method still simpler 7 

6/7 5 = 20/25 =- 4/5 = ?/20 = 16/20 
20/30 = 2/3 = 7/20 == 13/20 


This soon forms a pictuie in the examinei’s brain, and the process becomes 
semtautomafc ^ ^ ^ ^ Cleveland 

1021 Prospect A.renue 


News and Notes 


GENERAL NEWS 

American Board of Ophthalmology — ^An examination will be held in New 
York on June 3 and 4, 1944 and in Chicago on Oct 5, 6 and 7, 1944 

Further information with respect to examinations may be obtained from 
the secretary-treasurer. Dr S Judd Beach, P O Box 1940, Portland 2, Maine 

The other officers for 1944 are chairman, John Green, M D , St Louis , 
vice chairman, Frederick C Cordes, M D , San Francisco, and assistant secretary, 
Theodore L Terry, M D , Boston 

Ophthalmic Gold Medal — The Ophthalmological Society of Egypt ofteis 
a yearly prize, consisting of a gold medal of the value of £20 (English), foi 
the most valuable contribution presented before the annual congress of the 
societ)'’ This competition is open to members of the society, and the manu- 
script IS to be sent in by December 

SPECIAL NEWS 

Course for Orthoptic Technicians — ^The Rochester (N Y ) Orthoptic Centei 
(approved by the jMonroe County Medical Society) offers a course for orthoptic 
technicians Young ivomen desirous of making orthoptics a caieer and of pre- 
paring for the examinations of the American Orthoptic Council may get full 
jiartiwlars from iMrs INIargaret Lundean, orthoptic technician, 31 North Goodman 
Street Rochester, N Y 



Abstracts from Current Literature 

Edited by Dr \Villiam Zentmayer 


Anatomy and Embryology 

.\ Quantitative Study of the Cells and Fibers in the Nucleus Nerve 
Complexes of the Fourth and Sixth Cranial Nerves K. D Harley, 
Am J Ophth 25: 1029 (Sept) 1942 

Harley collected specimens of the nen^es and nuclei fiom 32 noimal human 
brains From a study of these specimens, he concludes 

"Since there are clearly more cells in the so-called nuclei than motor fibers in 
the peripheral nerves, it is logical to assume that the motor nuclei of the fourth 
and sixth cranial nerves send fibers not only peripherally into these nerves, but 
centrally to other regions, such as to othei cranial nuclei, probably via the median 
longitudinal fasciculus Some of the association mechanism (association centers) 
may thus be within the confines of the so-called nuclei of the ocular nerves ” 

W S Reesl 

The Aqueous Veins K W Ascher, Am J Ophth 25: 1174 (Oct) 1942 

In his summary, Ascher states that aqueous veins are biomicroscopically visible 
pathways with appearance of blood vessels, containing a clear, colorless fluid oi 
diluted blood and intercalated, probably via Schlemm’s canal, between intraocular 
fluid, on the one side, and conjunctival and subconjunctival veins, on the other 
Anatomically they are connected with, or are a part of, the intrascleral network 
He describes tests that prove this and expresses the opinion that these aqueous 
veins confirm Leber’s theoiy of a continuous elimination of fluid from the intact 
human eye 5 


Aqueous Humor 

Tiil Intrascleral Vascular Plexus and Its Relations to the Aqueous 
Outflow M U Troncoso, Am J Ophth 25: 1153 (Oct) 1942 

Troncoso compares the anatomy of the anterior chamber of dilleient species of 
animals He concludes that in piimates there is not a blood-aqueous bariier and 
that aqueous passes directly thiough the collectors into the blood stream 

W S Reese 


Si ETON amide Content or Aqueous Humor Following Conjunctival Appli- 
cation OF Drug Powders E Gallardo and R Thompson, Am T Oohth 
25: 1210 (Oct) 1942 ^ 


Gallaido and Thompson give the following summary 

“Acute inflammation produced by mustard oil [allyl isothiocyanate] in the coii- 
jiuictiva or by streptococcal infection of the anterior chamber increased the passage 
of sulfanilamide into the aqueous fluid The increase may have been due entireh 
to mjuiy of the corneal epithelium, since intraoculai inflammation by the intra- 
venous injection of killed typhoid bacilli definitely diminished passage of the drus 

Lien with this inflammation, hovever, effective aqueous fluid concentrations could 
otten be demonstrated 

Of the drugs tested bj local application, the higher levels in the aqueous hunioi 
w ere obtained v ith sulfanilamide ” ^ 

W S Reese 
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Conjunctiva 

Acute Follicular Conjunctivitis Resembling Beal’s Type M P Koke, 
Am J Ophth 25: 1100 (Sept) 1942 

Koke describes an epidemic of acute folliculai conjunctivitis among 66 aircraft 
workers The cardinal characteristics of the disease were (1) acute or subacute 
unilateral onset with profuse lacrimation, (2) absence of exudate, (3) severe 
hyperemia of the conjunctiva, (4) folhculosis, which was most marked in the 
conjunctiva of the inferior fornix, (5) slightly tender preauricular adenitis, (6) 
swelling of the lids , (7) complete resolution in seven to twenty-one days , 
(8) absence of inclusion bodies or pathogenic bacteria in scrapings from the con- 
junctiva, and (9) abundance of lymphocytes in the conjunctival scrapings Seven 
patients showed superficial keratitis Koke suggests that this condition is due to 


a virus 


W S Reese 


Congenital Anomalies 


A Rare Congenital Ocular Abnormality G S Pendse, Indian J Ophth 
4: 1 (Jan ) 1943 

A girl, born at full term, would not open her eyes at birth, and examination 
revealed absence of the eyeballs though a bluish swelling within the right orbit 
showed that the condition was not anophthalmos Examination a few weeks later 
showed that the swelling was increasing under the skin, which was bluish, and 
revealed another swelling in the left lower hd Transillumination revealed that both 
were transparent There were no other ocular or extraocular abnormalities The 
diagnosis of bilateral microphthalmos with cysts, though the most probable one, 
cannot be verified without pathologic examination of the cysts The article is 
illustrated -txr 


W Zentmayer 


Cornea and Sclera 


Corneal Permeability K C Swan and N G White, Am J Ophth 25* 
1043 (Sept) 1942 

Swan and White describe their expeiiments on corneal permeability and 
state that permeability is not a simple matter of diffusion but a complex process 
affected by multiple interrelated factors and that the concept that the epithelium 
acts as a barrier limiting the penetration of all substances into the cornea is 
erroneous They conclude 

“In evaluation of the ocular effects of drugs administered by instillation, pene- 
tration rate under varying conditions as well as pharmacologic potency must be 
considered The difference in effectiveness of topical anesthetics may be due 
principally to differences in penetration rate into the cornea ” S Reese 


Epidemic Keratoconjunctivitis M J Hogan and J W Crawford, Am J 
Ophth 25: 1059 (Sept) 1942 

Hogan and Crawford give the following summary and conclusions 
“This paper reports the occurrence of a severe epidemic of keratoconjunctivitis 
occurring in, but not limited to, shipyard -workers In all 125 cases are reported 
“The disease we have described is a superficial keratoconjunctivitis which, 
because of its epidemic form, should be called epidemic keratoconjunctivitis This 
disease has been described under various names such as keratitis nummularis 
(Dimmer) and some forms of keratitis disciformis associated with superficial 
macular lesions From its appearance and history the disease suggests a relation- 
ship to Beal’s form of conjunctivitis Superficial epithelial erosions should not be 
classed with the disease under discussion 
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‘There is erreat variation in the clinical picture, even durir^ epidemics 
Se\entv-five per cent of the conjunctival infections are unilateral Diagnostic in 
the early states are the glassy edema of the conjunctiva, involvement of the 
legional lymph apparatus, the lymphocytic type of conjunctival exudate, tiny 
petechial hemorrhages, pseudomembiane formation, and the lack of discharge 
The serere conjunctivitis ma}^ or may not be followed by keratitis Keratitis occurs 
m about 75 per cent of the cases, though this figure varies in different epidemics 
At times keratitis occurs without a history of preceding conjunctivitis 

“The disease is most likely caused by a virus, the nature of which is unknown 
liut which may be related to the herpes-faciahs group The disease is not highly 
infectious It is transmitted by direct contact to susceptible persons, and individual 
susceptibility varies 

“Therapy is of little avail except possibly in the early stages and in milder 
cases The disease is self-limited 

“The ultimate prognosis is good as legaids vision ” W S Reese 


Experimental Pathology 

Lymphogranuloma-Venereum Lesions of the Eyes C Espildora and W E 
CouTTS, Am J Ophth 25:916 (Aug) 1942 

The authois review the hteiatuie concerned with expeiimental lesions in 
animals and lesions m man and make the following conclusions 

“(1) The eye may be the site of lymph ogranuloma-venereum lesions duiing 
any one of the periods of this disease 

“(2) Any structure of the eye may be involved by the process 
“(3) All stiuctures in direct contact with the exterior may serve as the site 
of inoculation for the virus of lymphogianuloma venereum” 

W S Reese 

General Diseases 


The Relation of Riboflavin to the Eye A Pirie, Brit J Ophth 27:291 
(July) 1943 

The subject is reviewed under the following heads properties of riboflavin, 
occur! ence of riboflavin m the body , flavoprotem enzymes, and relation of riboflavin 
to the eye, general effects of riboflavin deficiency in animals, and effects of 
deprivation of riboflavin on the eyes of experimental animals 

Pine considers it extremely interesting that the ocular signs of riboflavin 
deficiency are among the earliest to develop and may be used in conjunction with 
changes in the skin and tongue in making an early diagnosis of the deficiency 

W Zentmayer 


Glaucoma 

Roentgen Therapy OF Glaucoma M F Terrizzano and A M J Terrizzano 
Semana med 49: 1354 (Dec 3) 1942 

The Terrizzanos employed loentgen irradiation in 10 cases of glaucoma In 

1 case the disease was of traumatic origin, in 6 it was painful and chronic in 

2 hemorrhages occurred, and m 1 the glaucoma was accompanied by hypertensive 
iritis Improvement resulted in all cases Pam and lacrimation either disappeared 
or improved Keratoconjunctival inflammation disappeared rapidly, and no dis- 
agreeable reaction was obsei^ed In only 1 of the 10 cases did a relapse occur 
after seven months, and two new irradiations vere effective in counteracting 
the condition The authors suggest that the effect of roentgen therapy is due 
to complex action on intraocular osmotic phenomena, modifications m the capillary 
circulation, tissue ionization, variations m the acid-base and colloid equilibrium 
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and direct action on the neural terminations Irradiation using a tension of 140 
kilovolts, with 10 milhamperes, at a distance of 50 cm and filtration through 
0 25 mm of copper and 1 mm of aluminum gives the best lesults 

JAMA (W Zentmayer) 


Injuries 

Tetanus Following Eye Injury J O Wetzel, Am J Ophth 25 935 
(Aug) 1942 

Wetzel reports the case of a fainier who sustained a peiforating laceration 
of the eyeball, with prolapsed iris, as a result of an injury from a nail while he 
was working in his barn Tetanus developed, but he recovered, the eye having 
been enucleated Wetzel reviews 30 case repoits in the liteiature and urges the 
routine use of tetanus antitoxin because of the high moitality 

W S Reese 


Piece or Glass Movable in the Eyeball for Twenty-Three Years Report 
or A Case R Cauer, Klin Monatsbl f Augenh 106*91 (Jan) 1941 

The rimless noseglass of a youth aged 15 was struck by a toy aiiow and a splinter 
enteied his eye A penetrating wound was observed in the sclera 9 mm nasal to 
the limbus Apparently complete recovery with peifect vision was obtained two 
months latei No trace of the splinter could be observed aftei the vitreous had 
cleared The patient returned after twenty-two years, during which period 
his eye had been free from any disturbance Vision m that eye had become blurred, 
and congestion was noted on the morning of his visit A few days later the splinter, 
4 mm long, presented at the floor of the anteiior chamber It had slowly traveled 
a distance of 9 mm The eye lecovered piomptly aftei extraction of the splinter 

K L Stoll 


Localization or Foreign Bodies in Posterior Wall or the Eyeball, and 
Their Operative Removal by Use or the Scleral Lamp Report or a 
Case H Colditz, Kim Monatsbl f Augenh 106.94 (Jan) 1941 


The inci easing fiequency of nonmagnetic foreign bodies in the eye requiies 
new methods for then removal A number of these technics are discussed and 
evaluated Colditz describes his own method, by means of which he extracted a 
piece of copper, a poition of the caitiidge, from the eye of a patient It had been 
in the eye about five weeks and had produced exudation in the periphery of the 
fundus, decrease of vision and contraction of the field of vision The new method, 
consisting of inflation of air into Tenon’s capsule and simultaneous use of Comberg’s 
prothesis, allows exact intrabulbar and extrabulbar localization of splinters 
Diascleial illumination proAcd of great value The splinter was removed, as 
described in detail, and perfect recovery was obtained, with four-fifths normal 


vision and a normal field of iision 


K L Stoll 


Lens 

Note on Intracapsular Extractions or Cataract by Weber’s Loop as a 
Routine Method D D Sathaye, Indian J Ophth 4: 9 (Jan ) 1943 

The usual corneal incision is made with a long, narrow conjunctival bridge 
above, and iridectomy is performed A Weber loop is introduced and directed 
obliquely backward through the incision until it reaches a point in the middle 
of the vitreous and about opposite the posterior pole of the lens By depression of 
its handle, it is then earned fonvard, so that the lens is pressed against the posterior 
surface of the cornea, between the cornea and the loop In other words, the 
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ipn. lifted out of the eye by the loop This method has been used in a senes 
nf consecutive cases with good results In 1 case theie was an excessive escape 
of vitreous, and in another case the capsule of the lens was ruptured 

The aiticle is well illustiated W Zentmayer 


Ocular Muscles 


RrxEssioN OF THE Trochlea in Overaction of Superior Oblique W 

Hughes and D W Bogart, Am J Ophth 25:911 (Aug) 1942 


L 


Hughes and Bogart briefly discuss overacUon of the superioi oblique muscle 
and suggest a simple effective opeiation of lecession of the trochleai as a remedy 
Two cases aie lepoited W S Reese 


Experiaiental Transposition or Extraocular Muscles in Monkeys P J 
Leinfelder and N M Black Jr , Am J Ophth 25:974 (Aug) 1942 

This is the authors’ second aiticle on this subject, and they conclude that the 
superior oblique muscle alone does not appear to have any special coordinating 
function that cannot be ascribed to any othei muscle They suggest there may be 
ii relation between the amount of involvement of Tenon s capsule in surgical 
intervention and reeoveiy of coordination g Reese 


Orbit, Eyeball and Accessory Sinuses 

1 iirombophlebitis or the Cavernous Sinus Recovery ARC Doorly, 
Brit M j 1:42 (Jan 9) 1943 

A healthy married woman aged 56 had a nasal furuncle inside the left nostril 
flieie was the usual edematous swelling of the adjacent cheek, with intense pain 
and slight fevei She was treated with sulfathiazole, one tablet (0 5 Gm ) every 
foul hours, and glyceiin packs were advised for the inteiior of the nose On the 
following day theie was more swelling, the temperature was 101 F and pus was 
being dischaiged from the furuncle Two days later the left eye was proptosed, 
both lids were gieatlj'’ sivollen and the right eye was commencing to be involved 
The patient complained of seeing double on looking to the left There was some 
iigidity of the neck muscles, and the temperature rose to 103 F A blood cultuie 
showed Staphylococcus aureus of the same type as that found in the nasal lesion 
She was tieated with transfusion of 400 cc of whole blood and inti amusculai 
injection of sulfathiazole (2-[paraaminobenzenesulfonamido]-thiazoIe) alternating 
with oral administiation of the drug, 4 Gm being given by each route within the 
Inst twenty-four hours After two days the temperature began to fall and the 
general condition unproved The chemotherapy was continued, though after 
three days the dose Avas reduced The next day there was a sharp rise of tempera- 
tine, and a second transfusion of blood was given This rvas followed by improve- 
ment. but theie was a third i elapse Another blood transfusion w^as given and 
the sulfathiazole tieatment continued During the next four days the patient 
lemamed very ill with an extensive lash and severe headache, but the local con- 
dition of the eyes showed impiovement As the rash was so distressing and the 
patient by then had taken 95 Gm of sulfathiazole, the chemotherapy was dis- 
continued Aftei this the temperatuie gradually came dowm, the rash faded and 
the swelling left the lids Pleadache giadually ceased, and convalescence began 
It has been generally recognized that free incision is dangerous and apt to 
lead to rapid dissemination of the infection Hence the method of treatment 
leported. ouciing a good chance of lecoveiy, is extremely gratifying It is difficult 
to say whether the blood tiansfusions oi the sulfathiazole played a greater part 
in the cure of the condition but the author thinks the combination important 
Ihc ca<=c puwed conclnsneh the great lalue of sulfathiazole in the tieatment of 
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serious staphylococcic infections and showed that the toxicity of this drug is only 
half that of sulfapyndine (2- [paraaminobenzenesulfonamido] -pyridine) 

Arnold Knapp 


Tumors 


Five Hundred Melanomas or the Choroid and Ciliary Body Followed 
Five Years or Longer G R Callender, H C Wilder and J E Ash, 
Am J Ophth 25 962 (Aug) 1942 


The authors give the following summaiy of then aiticle 
“There are 1,600 cases of malignant intraocular melanoma on record in the 
American Registry of Ophthalmic Pathology Only eight of these are in Negroes 
There is a slight preponderance of males over females The tumor is one peculiar 
to adult life and appears but rarely in the earlier decades Five hundred patients 
suffering from melanoma of the choroid and ciliary body have been followed 
five years or longer, or have died as a result of metastases before the expiration 
of that time The tumors in this group have been classified by cell type and fiber 
content, and the following coiollaries haA^e been drawn The pure spmdie-cell types, 
particularly subtype A, are of a relatively low degree of malignancy, and an 
increased degree of malignancy is associated with the presence of epithelioid 
cells , a low degree of malignancy is usually associated with a heavy fiber content 
“Although there appears to be an increased lethality with increased pigment 
content, it is felt that there is not enough variation m death percentages to justify 
conclusions until a larger number of followed cases has been accumulated The 
total number of metastatic deaths is 239 among the cases followed five years or 
longer, or 48 per cent This percentage increased to 66 m 200 of these cases followed 
10 years or longei ” S Reese 


Vision 

Comparison of Cases of Atypical and Typical Achromatopsia L L Sloan 
and S M Newhall, Am J Ophth 25. 945 (Aug ) 1942 

Sloan and Newhall report their studies on 3 cases of achromatopsia They 
discuss the different varieties of this condition and comment on the possible causes 
and the theories which have been advanced to explain them -^y g Reese 

Measure of Night Vision N B Harman, Brit M J 1:43 (Jan 9) 1943 

There are several tests for night vision Some are distinctly ingenious, but 
with some there is no definite measure of the minimum light necessary for vision 
m tlie particular subject tested, which the author regards as the most important 
point This measure should be given by a direct reference to the scientific standard 
of candle power, and it should be ascertained and recorded m terms which can 
be used by any ophthalmic surgeon who repeats the process 

The earliest tests of night vision measured the time required by the subject to 
become adapted to the dark, but adaptation tests do not give a definite measure 
of the minimum light required to see an object or objects The objection to 
Dr W D Wright’s and Major Rycroft’s tests is that they do not give a definite 
measure of the lighting, so that the results are not exactly comparable 

The disk-spotting test (Harman, N B Testing Night Vision, Bnt M J 
2: 347 [Sept 6] 1941) is planned on a direct measurement of light The light is 
reflected from illuminated disks on a black velvet background, and the measure 
is gained by finding the distance at which the disks can be counted This distance 
is designated in fractions of 5, and tlie fractional figure indicates the condition 
of the patient’s night vision, which is fully explained in this article The illumina- 
tion is from the standard candle, so that there is exactness of the light used and 
of its measurement and the returns of the examination are definite 

Arnold Knapp 



Book Reviews 


A Hundred Years of Medicine By C D Haagensen and Wyndham E B 
Lloyd Price, $3 75 Pp 444, with 42 illustrations New York Shendan 
House, Inc , 1943 

This book was first published in an English edition by Di Wyndham E B 
Lloyd, a specialist m public health in England, and now appears in an Ameiican 
edition The important medical advances are traced through the years, and to 
simplify the piesentation the authors considei each contribution to medicine 
sepaiately The Ameiican edition differs much from the preceding one, while 
pait I, which deals with the histoiical background, and chapters 10 to 19 of pait II, 
on infectious diseases, by Dr Lloyd, are unchanged except for some additions, the 
rest of this new edition has been rewritten by the American editor, Dr C D 
Haagensen. suigeon and pathologist to Columbia University College of Physicians 
and Sui geons 

“A Hnndied Yeais of Medicine” is wiitten especially for the layman and the 
beginiiei in medicine The authors have admirably succeeded m presenting a book 
“on the face of diseases,” leheved of the dry facts of anatomy, physiology and 
pathology, which should appeal to the beginner and can be lead with interest by the 
practicing physician, especially by one, like the specialist, whose work has become 
confined to narrower lines The book is divided as follows part I, medicine up 
to a hundred years ago, pait II, medical science during the last hundred years, 
part III, surgeiy during the last hundied years, and part IV, the new social aspect of 
medicine, v ith a bibliography and an index in conclusion 

It is difficult to pick out outstanding chapteis, as all are excellent The facts 
aie presented in an unusually inteiestiiig manner so that the reading becomes 
fascinating and absorbing The subjects are completely and successfully presented 
and the pei sonahties who took an active part in the remarkable development of 
medicine aie admiiably desciibed The book ends with a view to the future, 
and the difficulties and advantages of group practice are discussed This book 
IS a fascinating contribution to medical history and can be highly recommended 

Arnold Knapp 


CORRECTION 

111 the aitide by Di Otto Lovenstein and Di Isadore Giviiei entitled “Piipil- 
laiy Reflex to Daikness,” in the November issue (Arch Ophth 30: 603, 1943) 
the teiiii “lotaii nystagmus” m line 20 on page 608 should read “retraction 
nystagmus 
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INTERNATIONAL 

International Association for Prevention of Blindness 

President Dr P Bailliart, 66 Boulevard Saint-Michel, Pans, 6 % France 
Secretary-General Prof M Van Duyse, Universite de Gand, Gand, Prov Ostflandern, 
Belgium 

All correspondence should be addressed to the Secretariat, 66 Boulevard Saint-Michel, Pans, 6®, 
France 

International Ophthalmologic Congress 

President Prof Nordenson, Serafimerlasarettet, Stockholm, Sweden 
Secretary Dr Ehlers, Jerbanenegade 41, Copenhagen, Denmark 

International Organization Against Trachoma 
President Dr A F MacCallan, 17 Horseferry Rd , London, England 


Pan-American Congress of Ophthalmology 
President Dr Harry S Gradle, 58 E Washington St, Chicago 

Executive Secretaries Dr Conrad Berens, 35 E 70th St, New York Dr M E Alvaro, 
1511 Rua Consolacao, Sao Paulo, Brazil 


FOREIGN 

All-India Ophthalmological Society 

President Dr B K. Narayan Rao, Minto Ophthalmic Hospital, Bangalore 
Secretary Dr G Zachariah, Flitcham, Marshall’s Rd, Madras 


British Medical Association, Section on Ophthalmology 

President Dr W Clark Souter, 9 Albyn PI , Aberdeen, Scotland 
Secretary Dr Frederick Ridley, 12 Wimpole St, London, W 1 

Chinese Ophthalmology Society 

President Dr C H Chou, 363 Avenue Haig, Shanghai 
Secretary Dr F S Tsang, 221 Foochow Rd, Shanghai 

Chinese Ophthalmological Society of Peiping 

President Dr H T Pi, Peiping Union Medical College, Peiping 

Secretary Dr C K. Lin, 180 Hsi-Lo-yen Chienmeng, Peiping 

Place Peiping Union Medical College, Peiping Time Last Friday of each month 


German Ophthalmological Society 

President Prof W Lohlem, Berlin 
Secretary Prof E Engelking, Heidelberg 

Hungarian Ophthalmological Soctety 
President Prof I Iwre, Budapest 

Assistant Secretary Dr Stephen de Grosz, University Eye Hospital, Mariautca 39, Budapest 
All correspondence should be addressed to the Assistant Secretary 

Midland Ophthalmological Society 

President Dr W Niccol, 4 College Green, Gloucester, England 
Secretary Mr T Harrison Butler, 61 Newhall St , Birmingham 3, England 
Place Birmingham and Midland Eye Hospital 

^ *Secretaries of societies are requested to furnish the information necessary to make tins 
list complete and keep it up to date 
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North of Engt-and Ophthalmological Society 
President Dr A MacRae, 6 Jesmond Rd , Newcastle-upon-Tyne, England 
Secretary Dr Percival J Hay, 350 Glossop Rd, Sheffield 10, England * * n 

Place Manchester, Bradford, Leeds, Newcastle-upon-Tyne, Liverpool and Sheffield, in rotation 

Time October to April 


Ophthalmological Society of Australia 

President Dr A James Flynn, 135 Macquarie St , Sydney 
Secretary Dr D Williams, 193 Macquarie St , Sydney 


Ophthalmological Society of Egypt 

President Prof Dr Mohammed Mahfouz Bey, Government Hospital, Alexandria 
Secretary Dr Mohammed Khalil, 4 Baehler St , Cairo 

All correspondence should be addressed to the secretary, Dr Mohammed Khalil 


Ophthalmological Society of the United Kingdom 

President Mr T Harrison Butler, 61 Newhall St, Birmingham 3, England 
Secretary Mr L H Savin, 7 Queen St , London, W 1, England 


Ophthalmology Society of Bombay 


President Dr D D Sathaye, 127 Girgaum Rd , Bombay 4, India 
Secretary Dr H D Dastur, Dadar, Bombay 14, India 
Place H B A Free Ophthalmic Hospital, Parel, Bombay 12 Time 
month 

Oxford Ophthalmological Congress 


First Friday of every 


Master Mr P G Doyne, 60 Queen Anne St , London, W 1, England 
Secretary-Treasurer Dr F A Anderson, 12 St John’s Hill, Shrewsbury, England 
Place Oxford, England Time July 8-9, 1943 


Palestine Ophthalmological Society 

President Dr Aneh Feigenbaum, Abyssinian St 15, Jerusalem 
Secretary Dr E Smai, Tel Aviv 

Polish Ophthalmological Society 

President Dr W. KapuScinski, 2 Waly Batorego, Poznan 
Secretary Dr J Sobanski, Lindley’a 4, Warsaw 
Place Lindley’a 4, Warsaw 


Royal Society of Medicine, Section of Ophthalmology 

President Col F A Juler, 96 Harley St, London, W 1, England 
Secretary Dr Harold Ridley, 60 Queen Anne St, London, W 1, England 

Sao Paulo Society of Ophthalmology 

President Dr W Belfort Mattos, Caixa Postal, 4086, Sao Paulo, Brazil 
Secretary Dr Silvio de Almeida Toledo, Enfermaria Santa Luzia, Santa Casa de Misencordia, 
Cesario Motta, St 112, Sao Paulo, Brazil 

SociEDAD Argentina de Oftalmologia 
Cliatrniaii Dr Jorge Malbran, Buenos Aires 
Secretarj Dr Benito Just Tiscorma, Santa Fe 1171, Buenos Aires 

SoaEDAD Oftalmologia del Litoral, Rosario (Argentina) 

President Prof Dr Carlos Weskamp, Lapnda 1159, Rosario 
Secretarj' Dr Juan M Vila Ortiz, Cordoba 1433, Rosario 

Place Rosario Time Last Saturday of every month, April to November, inclusive 
All correspondence should be addressed to the President 

SoCIEDADE DE OpHTHALMOLOGIA E OtO-RhINO-LaRYNGOLOGIA DA BaHI^I 
President Dr Thconilo Amonm, Barra Avenida, Bahia, Brazil 
Secretary Dr Adroaldo de Alencar, Brazil 
All correspondence should be addressed to the President 
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SociETA Oftalmologica Italiana 

President Prof Dott Giuseppe Ovio, Ophthalmological Clinic, University of Rome, Rome 
Secretary Prof Dott Epimaco Leonardi, Via del Gianicolo, 1, Rome 

SoCIETE pRANgAISE d’OpHTALMOLOGIE 
Secretary Dr Rene Onfray, 6 Avenue de la Motte Picquet, Pans, 7® 

Society of Swedish Ophthalmologists 
President Prof K G Ploman, Stockholm 

Secretary Dr K O Granstrom, Sodermalmstorg 4 111 tr , Stockholm, So 

Tel Aviv Ophthalmological Society 

President Dr D Arieh-Friedman, 96 Allenby St, Tel Aviv, Palestine 
Secretary Dr Sadger Max, 9 Bialik St , Tel Aviv, Palestine 


NATIONAL 

American Medical Association, Scientific Assemble, 
Section on Ophthalmology 

Chairman Dr Conrad Berens, 35 E 70th St , New York City 
Secretary Dr R J Masters, 23 E Ohio St, Indianapolis 
Place Chicago Time June 12-16, 1944 


American Academy of Ophthalmology and Otolaryngology, 

Section on Ophthalmology 

President Dr James A Babbitt, 1912 Spruce St, Philadelphia 

President-Elect Dr Lawrence T Post, Metropolitan Bldg , St Louis 

Executive Secretary-Treasurer Dr William L Benedict, 101-lst Ave. Bldg, Rochester, Minn 


American Ohthalmological Society 

President Dr John Green, 3720 Washington Ave, St Louis 
Secretary-Treasurer Dr Walter S Atkinson, 129 Clinton St, Watertown, N Y 
Place Hot Springs, Va Time May 29-31, 1944 

Association for Research in Ophthalmology, Inc 
Chairman Dr Frederick C Cordes, 384 Post St, San Francisco 

Secretary-Treasurer Dr Brittain F Payne, School of Aviation Medicine, Randolph Field, 
Texas 


Canadian Medical Association, Section on Ophthalmology 

President Dr Alexander E MacDonald, 170 St George St, Toronto 
Secretary-Treasurer Dr L J Sebert, 170 St George St, Toronto 

Canadian Ophthalmological Society 
President Dr Colin A Campbell, 170 St George St, Toronto 

Secretary-Treasurer Dr Kenneth B Johnston, Suite 1, 1509 Sherbrooke St W, Montreal 

National Society for the Prevention of Blindness 

President Mr Mason H Bigelow, 1790 Broadway, New York 
Secretary Miss Regina E Schneider, 1790 Broadway, New York 
Executive Director Mrs Eleanor Brown Merrill, 1790 Broadway, New York 

SECTIONAL 

Academv of AIedicine of Northern New Jersey, Section on 
Eye, Ear, Nose and Throat 

President Dr N Zwaifler, 46 Wilbur Ave, Newark 
t;prretarv Dr William F Keim Jr , 25 Roseville Ave , Newark 

Place 91 Lincoln Park South, Newark Time 8 45 p m, second Monday of each month, 
October to May. 
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Central Wisconsin Society of Ophthalmology and Otolaryngology 

President Dr L J Friend, 425 E Grand Ave, Beloit, Wis 
Secretary Dr G L McCormick, 626 S Central Ave , Marshfield 

New England Ophthalmological Society 

President Dr Paul A Chandler, 5 Bay State Rd , Boston 
Secretary-Treasurer Dr Merrill J King, 264 Beacon St , Boston 

Place Massachusetts Eye and Ear Infirmary, 243 Charles St Boston Time 8 p m , third 
Tuesday of each month from November to April, inclusive 

Pacific Coa.st Oto-Ophthalmological Society 

President Dr D H O’Rourke, 1612 Tremont PI , Denver 
Secretary-Treasurer Dr C Allen Dickey, 450 Sutter St , San Francisco 

Puget Sound Academy of Ophthalmology and Oto-Laryngology 

President Dr L L McCoy, 1317 Marion St, Seattle, Wash 
Secretary-Treasurer Dr Barton E Peden, 301 Stimson Bldg, Seattle 

Place Seattle or Tacoma, Wash Time Third Tuesday of each month except June July and 
August 

Rock River Valley Eye, Ear, Nose and Throat Society 

President Dr J Sheldon Clark, 27 E Stephenson St, Freeport, 111 
Secretary-Treasurer Dr Harry R Warner, 321 W State St , Rockford, 111 
Place Rockford, III , or Janesville or Beloit, Wis Time Third Tuesday of each month from 
October to April, inclusive 

Saginaw Vailei Academ\ or OPHrH\LM0L0GY and Otolaryngology 
President Dr M H Pike, Midland, Mich 

Secretary-Treasurei Dr R H Criswell, 407 Phoenix Bldg , Bay City, Mich 
Place Saginaw or Bay City, Mich Time Second Tuesday of each month, except July and 
August 

Sioux Valley Eye and Ear Academy 

President Dr J C Decker, 515 Francis Bldg, Sioux City, Iowa 
Secretary-Treasurer Dr J E Dvorak, 408 Davidson Bldg, Sioux City, Iowa 

Southern Medical Association, Section on Eye, Ear, Nose and Throat 

Chairman Dr John H Burleson, 414 Navarro St , San Antonio, Texas 
Secretary Dr J W Jervey Jr, 101 Church St, Greenville, S C 

Southwestern Academy of Eye, Ear, Nose and Throat 

President Di H L Brehmer, 221 W Central Ave, Albuquerque, N Mex 
Secretary Dr A E Cruthirds, 1011 Professional Bldg, Phoenix, Anz 

Southwestfrn Michigan Triological Society 
President Dr W M Dodge, 716 First National Bank Bldg , Battle Creek 
Secretary-Treasurer Dr Kenneth Lowe, 25 W Michigan Ave , Battle Creek 
Time Last Thursday of September, October, November, March, April and May 

Western Pennsilvania Eye, Ear, Nose and Throat Society 
1 resident Dr Raj Parker, 218 Franklin St, Johnston, Pa 
Secrctarj -Treasurer Dr J l^IcCIure Tj son. Deposit Nat’I Bank Bldg , DuBois 

STATE 

\rkans\s State Medical Society, Eye, Ear, Nose and Throat Section 
President Dr Rajmiond C Cook, 701 Mam St , Little Rock 
Secretary Dr K W Co-^groic, Urquhart Bldg, Little Rock 
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Colorado Ophthalmological Society 
President Dr C A Ringle, 912-9th Ave , Greeley 
Secretary Dr W A Ohmart, 1102 Republic Bldg, Denver 

Place University Club, Denver Time 7 30 p m, third Saturday of each month, October 
to May, inclusive 

Connecticut State Medical Society, Section on Eye, Ear, 

Nose and Throat 

President Dr F L Phillips, 40S Temple St, New Haven 
Secretary-Treasurer Dr W H Turnley, 1 Atlantic St, Stamford, Conn 

Eye, Ear, Nose and Throat Club of Georgia 

President Dr E N Maner, 247 Bull St, Savannah 
Secretary-Treasurer Dr C K McLaughlin, 567 Walnut St, Macon 

Indiana Academy of Ophthalmology and Oto-Laryngology 

President Dr F McK Ruby, Union City 

Secretary Dr Edwin W Dyar Jr, 23 E Ohio St, Indianapolis 

Place French Lick Time First Wednesday in April 

Iowa Academy of Ophthalmology and Oto-Laryngology 
President Dr J K. Von Lackum, 117-3d St S E, Cedar Rapids 
Secretary-Treasurer Dr B M Merkel, 604 Locust St, Des Moines 

Louisiana-Mississippi Ophthalmological and Otolaryngological Societ\ 
President Dr Val H Fuchs, 200 Carondelet St, New Orleans 
Secretary-Treasurer Dr Ediey H Jones, 1301 Washington St, Vicksburg, Miss 

Michigan State Medical Society, Section of Ophthalmology 
AND Otolaryngology 

Chairman Dr Robert H Fraser, 25 W Michigan Ave, Battle Creek 
Secretary Dr R G Laird, 114 Fulton St, Grand Rapids 

Minnesota Academy of Ophthalmology and Otolaryngology 
President Dr George E McGeary, 920 Medical Arts Bldg, Minneapolis 
Secretary Dr William A Kennedy, 372 St Peter SL, St Paul 
Time Second Friday of each month from October to May 

Montana Academy of Oto-Ophthalmology 
President Dr William Morrison, 208 N Broadway, Billings, Mont 
Secretar 3 '^ Dr Fritz D Hurd, 309 Medical Arts Bldg, Great Falls 

Nebraska Academy of Ophthalmology and Otolaryngology 

President Dr W Howard Morrison, 1500 Medical Arts Bldg, Omaha 
Secretary-Treasurer Dr John Peterson, 1307 N St, Lincoln 

New Jersey State Medical Society, Section on Ophthalmology, 

Otology and Rhinolaryngolog^ 

Chairman Dr B E Failing, 31 Lincoln Park, Newark 
Secretary Dr George Meyer, 410 Haddon Ave, Camden 

New York State Medical Society, Eye, Ear, Nose and Throat Section 

Chairman Dr Searle B Marlow, 109 S Warren St, Syracuse 
Secretary Dr C Stewart Nash, 277 Alexander St, Rochester 

North Carolina Ete, Ear, Nose and Throat Society 

President Dr Hugh C Wolfe, 102 N Elm St, Greensboro 
Secretarj Dr Vanderbilt F Couch, 105 W 4th St, Winston-Salem 
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North Dakota Academy of Ophthalmology and Oto-Laryngology 

President Dr T W Buckingham, 405 Broadway, Bismarck 
Secretary-Treasurer. Dr F L Wicks, 516— 6th St, Valley City 

Oregon Academy of Ophthalmology and Oto-Laryngology 

President Dr Paul Neely, 1020 S W^ Taylor St , Portland 
Secretary-Treasurer Dr Lewis Jordon, 1020 S W Tayloi St, Portland 
Place Good Samaritan Hospital, Portland Time Third Tuesday of each month 

Rhode Island Ophthalmological and Otological Society 

Acting President Dr N Darrell Harvey, 112 Waterman St, Providence 
Secretary-Treasurer Dr Linley C Happ, 124 Waterman St, Providence 
Place Rhode Island Medical Society Library, Providence Time 8 30 p m, second Thursday 
in October, December, February and April 

South Carolina Society of Ophthalmology and Otolaryngology 

President Dr J L Sanders, 222 N Main St , Greenville 
Secretary Dr J H Stokes, 125 W Cheves St, Florence 

Tennessee Academy of Ophthalmology and Otolaryngology 
President Dr Wesley Wilkerson, 700 Church St, Nashville 

Secretary-Treasurer Dr W D Stinson, 124 Physicians and Surgeons Bldg, Memphis 

Texas Ophthalmological and Oto-Laryngological Society 

President Dr F H Rosebrough, 603 Navarro St, San Antonio 
Secretary Dr M K McCullough, 1717 Pacific Ave, Dallas 

Utah Ophthalmological Society 

President Dr Everett B Muir, Boston Bldg , Salt Lake City 

Secretary-Treasurer Dr Earl H Phillips, 623 Judge Bldg, Salt Lake City 

Place University Club, Salt Lake City Time 7 00 p m, third Monday of each month 

Virginia Society of Oto-Laryngology and Ophthalmology 
President Dr Mortimer H Williams, 30 Franklin Rd S W , Roanoke 
Secretary-Treasurer Dr Meade Edmunds, 34 Franklin St, Petersburg 

West Virginia State Medical Association, Eye, Ear, Nose 
AND Throat Section 

President Dr George Traugh, 309 Cleveland Ave, Fairmont 
Secretary Dr Welch England, 621 Market St, Parkersburg 


LOCAL 

Akron Academy or Ophthalmology and Otolaryngology 
President Dr E L Mather, 39 S Mam St , Akron, Ohio 
Secretary -Treasurer Dr V C Malloy, 2d National Bank Bldg, Akron, Ohio 
Time First Monday in January, ^.larch, Ivlay and November 


Atlanta Eye, Ear, Nose and Throat Society 
1 resident Dr B M Cline, 153 Peachtree St N E, Atlanta, Ga 
Acting Secretary Dr A V Hallum 478 Peachtree St N E , Atlanta, Ga 

Hospital Time 6 00 p m , fourth Monday of each month, from October 


Baltimore Medical Society, Section on Ophth 'ilmologi 


Qiairman Dr Ernst Bodenheimer, 1212 Eutaw PI , Baltimore 
Secretary Dr Thomas R O'Rourk, 104 W Madison St, Baltimore 
Place Medical and Cinrurgical Faculti’, 1211 Cathedral St Time 8 
da\ of each month from October to March 


30 p m , fourth Thurs- 
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Birmingham Eye, Ear, Nose and Throat Club 
President Each member, m alphabetical order 

Secretary Dr Luther E Wilson, 919 Woodward Bldg, Birmingham, Ala 
Place Tutwiler Hotel Time 6 30 p m , second Tuesday of each month, September to May, 
inclusive 

Brooklin Ophthalmological Society 
President Dr William B Agan, 1 Nevins St, Brooklyn 

Secretar}'’-Treasurer Dr Benjamin C Rosenthal, 140 New York Ave, Brookljm 
Place Kings County Medical Society Bldg, 1313 Bedford Ave Time Third Thursday in 
February, April, May, October and December 

Buffalo Ophthalmologic Club 
President Dr Waltei F King, 519 Delaware Ave, Buffalo 
Secretary-Treasurer Dr Sheldon B Freeman, 196 Limvood Ave, Buffalo 
Time Second Thursday of each month 

Chattanooga Society or Ophthalmologt and Otolaryngologt 
President Each member, in alphabetical order 

Secretary Dr Douglas Chamberlain, Chattanooga Bank Bldg, Chattanooga, Tenn 

Place Mountain City Club Time Second Thursday of each month from Septembei to May 

Chicago Ophthalmological Society 
President Dr Vernon M Leech, 55 E Washington St , Chicago 
Secretary Di W A Mann, 30 N Michigan Ave , Chicago 

Place Chicago Towers Club, 505 N Michigan Ave Time Third Monday of each month 
from October to May 

Cincinnati General Hospital Ophthalmology Staff 
Chairman Dr D T Vail, 441 Vine St, Cincinnati 
Secretary Dr A A Levin, 441 Vine St, Cincinnati 

Place Cincinnati General Hospital Time 7 45 p m , third Friday of each month except 
June, July and August 

Cleveland Ophthalmological Club 
Chairman Dr Shandor Monson, 1621 Euclid Ave , Cleveland 
Secretary Dr Carl Ellenberger, 14805 Detroit Ave, Cleveland 
Time Second Tuesday in October, December, February and April 

College of Physicians, Philadelphia, Section on Ophthalmologt 
Chairman Dr Alfred Cowan, 1930 Chestnut St, Philadelphia 
Clerk Dr W S Reese, 1901 Walnut St , Philadelphia 
Time Third Thursday of every month from October to April, inclusive 

Columbus Ophthalmological and Oto-Lart ngological Societ\ 

Chairman Dr H D Emswiler, 370 E Town St , Columbus, Ohio 
Secretary-Treasurer Dr D G Sanor, 206 E State St, Columbus, Ohio 
Place The Neil House Time 6pm, first Monday of each month 

Corpus Christi Eye, Ear, Nose and Throat Society 
Chairman Dr Arthur Padillo, 414 Medical Professional Bldg, Corpus Christi, Texas 
Secretary Dr Edgar G Mathis, 815 Medical Arts Bldg, Corpus Chnsti, Texas 
Time Second Friday of each month from October to May 

Dallas Academy of Ophthalmology and Oto-Laryngology 

President Dr S F Harrington, 921 Medical Arts Bldg, Dallas, Texas 
Sccretarx Dr Abell Hardin, Medical Arts Bldg, Dallas, Texas 

Place Dallas Athletic Club Time 6 30 p m , first Tuesday of each month from October to 
June The No\ ember, January and March meetings are devoted to clinical work 
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Des Moines Academy of Ophthalmology and Otolaryngology 

President Dr H C Schmitz, 604 Locust St , Des Moines, Iowa 
Secretary-Treasurer Dr Byron M Merkel, 604 Locust St , Des Moines, Iowa 
Time 7 45 p m, third Monday of every month from September to May 

Detroit Ophthalmological Club 

Chairman Di Howell L Begle, 2730 E Jefferson Ave , Detroit 
Secretary Di C W Lepard, 1025 David Whitney Bldg , Detroit 
Time 6 30 p m , first Wednesday of each month, November through April 

Detroit Ophthalmological Society 

President Dr Parker Heath, 1553 Woodward Ave, Detroit 
Secretary Dr Leland F Carter, 1553 Woodward Ave , Detroit 

Place Club rooms of Wayne County Medical Society Time Third Thursday of each month 
from November to April, inclusive 

Eastern New York Eye, Ear, Nose and Throat Association 
President Appointed at each meeting 

Secretary-Treasurer Dr Joseph L Holohan, 330 State St, Albany 

Time Third Wednesday in October, November, March, April, May and June 

Eastern Pennsylvania Association of Eye, Ear, Nose and Throat Physicians 

President Dr James E Landis, 232 N 6th St, Reading 
Secretary-Treasurer pro tern Di Paul C Craig, 232 N 5th St, Reading 
Time Last week in April each year 

Fort Worth Eye, Ear, Nose and Throat Socieiy 

President Dr Rex Howard, 602 W 10th St, Fort Worth, Texas 
Secretary-Treasurer Dr R H Gough, Medical Arts Bldg, Fort Worth, Texas 
Place Medical Hall, Medical Arts Bldg Time 7 30 p m , first Friday of each month exttpt 
July and August 


Houston Academy of Medicine, Ophthalmological and 
Oto-Laryngological Section 

President Di Fehcian J Slataper, 1110-1111 Medical Arts Bldg, Houston, Texas 
Secretary Dr Theo L Holland, 611 Medical Arts Bldg, Houston, Texas 
Place Medical Arts Bldg , Harris County Medical Society Rooms Time 8 p m , second 
Thursday of each month from September to June 

Indianapolis Ophthalmological and Otolaryngological Society 

President Dr Myron Harding, 23 E Ohio St, Indianapolis 
Secretary Dr Kenneth L Craft, 23 E Ohio St, Indianapolis 

Place Indianapolis Athletic Club T ime 6 30 p m , second Thursday of each month from 
November to May 

Kansas City Society of Ophthalmology and Oto-Laryngology 

President Dr Edgar Johnson, 906 Grand Ave, Kansas City, Mo 
Secretary Dr W E Keith, 1103 Grand Ave , Kansas City, Mo 

Time Third Thursday of each month from October to June The November, January and 
March meetings are devoted to clinical work 


Long Beach Eye, Ear, Nose and Throat Society 
Chairman Dr Harold Snow, 614 S Pacific Ave , San Pedro, Calif 
Secretary-Treasurer Dr Oliver R Nees, 508 Times Bldg , Long Beach, Calif 
Place Professional Bldg Time Last Wednesday of each month from October to May 


Los Angeles Society of Ophthalmology and Otolaryngology 
President Dr Sylvester H Welch, 102 N Brand Blvd, Glendale, Calif 
Secretary-Treasurer Dr Orne E Ghnst, 210 N Central Ave, Glendale, Calif 

Place Los Angeles County Medical Association Bldg, 1925 Wilshire Blvd Time 6 00 p m 

fourth Monday of each month from September to May, inclusive 
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Louisville Eye and Ear Society 

President Dr Joseph S Heitger, Heyburn Bldg, Louisville, Ky 
Secretary-Treasurer Dr J W Fish, 321 W Broadway, Louisville, Ky 
Place Brown Hotel Time 6 30 p m , second Thursday of each month from September to 
May, inclusive 

Lower Anthracite Eye, Ear, Nose and Throat Society 

Chairman Each member m alphabetical order 

Secretary Dr James J Monohan, 31 S Jardin St, Shenandoah, Pa 

Medical Society of the District of Columbia, Section of 
Ophthalmology and Otolaryngology 
Chairman Dr P S Constantinople, 1835 I St N W , Washington 
Secretary Dr Frazier Williams, 1801 I St N W , Washington 

Place 1718 M St N W Time 8pm, third Friday of each month from October to April, 
inclusive 

Memphis Societ\ of Ophthalmology and Otolaryngolog\ 

Chairman Each member in alphabetical order 

Secretary Dr Sam H Sanders, 1089 Madison Ave , Memphis, Tenn 

Place Eye Clinic of Memphis Eye, Ear, Nose and Throat Hospital Time 8 p m , second 
Tuesday of each month from September to May 

Milwaukee Oto-Ophthalmic Societi 
President Dr Edwin C Bach, 324 E Wisconsin Ave, Milwaukee 
Secretary-Treasurer Dr Ralph T Rank, 238 W Wisconsin Ave , Milwaukee 
Place University Club Time 6 30 p m, second Tuesday of each month 

Montgomery County Medical Society 
Chairman Dr H V Dutrow, 1040 Fidelity Medical Bldg , Dayton, Ohio 
Secretary-Treasurer Dr Maitland D Place, 981 Reibold Bldg, Dayton, Ohio 
Place Van Cleve Hotel Time 6 30 p m , first Tuesday of each month from October to 
June, inclusive 

Montreal Ophthalmological Societ\ 

President Dr J Rosenbaum, 1396 Ste Catherine St W , Montreal, Canada 
Secretary Dr L Tessier, 1230 St Joseph Blvd E, Montreal, Canada 
Time Second Thursday of October, December, February and April 

Nashville Academi of Ophthalmology and Otolaryngology 
Chairman Dr M M Cullom, 700 Church St, Nashville, Tenn 
Secretary Dr R E Sullivan, 432 Doctors Bldg, Nashville, Tenn 

Place St Thomas Hospital Time 8pm, third Monday of each month from October to May 

New Haven Ophthalmological Society 
President Dr William H Ryder, 185 Church St, New Haven, Conn 
Secretary Dr Frederick A Wiess, 255 Bradley St , New Haven, Conn 

New Orleans Ophthalmological and Otolaryngological Societi 
President Dr W B Clark, 1012 American Bank Bldg, New Orleans 
Secretary Dr Mercer G Lynch, 1018 Maison Blanche Bldg, New Orleans 
Place Louisiana State University Medical Bldg Time 8 p m , second Tuesdai of each 
month from October to May 

New York Academv of Medicine, Section of Ophthalmology 
Chairman Dr Frank C Keil, 6<50 Madison Ave, New York 
Secretary Dr Willis S Kjiighton, 121 E 61st St, New York 
Time 8 30 p m, third Monday of e\ery month from October to May, inclusive 

New York Society for Clinical Ophthalmology 
President Dr Sigmund Agatston, 875-5th Ave, New York 
Secretary Dr Benjamin Estcrman, 983 Park Aie, New York 

Place Squibb Hall, 74S-5th A\e Time 8 pm, First Monday of each month from October 
to May, inclusive 



DIRECTORY 


827 


Oklahoma City Acaoemy or Ophthalmology and Otolaryngologt 

President Dr James P Luton, 117 N Broadway, Oklahoma City 
Secretary Dr Harvey O Randel, 117 N Broadway, Oklahoma City 

Place University Hospital Time Second Tuesday of each month from September to May 


Om\ha and Council Bluffs Ophthalmoi ogical and 
Oto-Laryngological Society 

President Dr D D Stonecypher, Nebraska City, Neb 

Secretary-Treasurer Dr W Howard Morrison, 1500 Medical Arts Bldg , Omaha 
Place Omaha Club, 20th and Douglas Sts , Omaha Time 6pm dinner ,7pm program , 
third Wednesday of each month from October to May 


Passaic-Bergen Ophthalmological Club 

President Dr Thomas Sanfacon, 340 Park Ave , Paterson, N J 
Secretary-Treasurer Dr J Averbach, 435 Clinton Ave , Clinton, N J 

Place Paterson Eye and Ear Infirmary Time 9pm, last Friday of every month except 
June, July and August 

Philadelphia County Medical Society, Eye Section 

President Dr Wilfred E Fry, 1819 Chestnut St, Philadelphia 
Secretary Dr Glen Gregory Gibson, 255 S 17th St , Philadelphia 
Time First Thursday of each month from October to May 


Pittsburgh Ophthalmological Society 

President Dr John B McMurray, 6 S Main St, Washington, Pa 
Secretary Dr George H Shuman, 35l-5th Ave, Pittsburgh 

Place Pittsburgh Academy of Medicine Bldg Time Fourth Monday of each month, except 
June, July, August and September 


Reading Eye, Ear, Nose and Throat Society 

President Dr R M Bnckbauer, Shillington, Pa 
Secretary Dr Paul C Craig, 232 N 5th St , Reading, Pa 

Place Wyomissing Club Time 6 30 p m, third Wednesday of each month from October 
to July 


Richmond Ophthalmological and Oto-Laryngological Society 

President Dr Peter N Pasture, Medical College of Virginia, Richmond, Va 
Secretary Dr Qifford A Folkes, Professional Bldg, Richmond, Va 

Place Westmoreland Club Time 6 p m, second Monday of each month from October 
to May 

Rochester Eye, Ear, Nose and Throat Society 
President Dr Frank Barber, 75 S Fitzhugh St, Rochester, N Y 
Secretary-Treasurer Dr Charles T Sullivan, 277 Alexander St, Rochester, N Y 

St Louis Ophthalmic Society 

President Dr C C Beisbarth, 3720 Washington Blvd, St Louis 
Secretary Dr H R Hildreth, 508 N Grand Blvd , St Louis 

Place Oscar Johnson Institute Time Clinical meeting, 5 30 p m, dinner and scientific 
meeting 6 30 p m , fourth Friday of each month from October to April, inclusive, except 
December 

San Antonio Ophthalmo-Oto-Laryngological Society 
President Dr Dan Russell, 705 E Houston St, San Antonio, Texas 
Secretai^-Treasurer Dr P G Bowen, 315 Camden St , San Antonio, Texas 

i Medical Library Time 8 p m , first Tuesday of each month from 

October to May 


San Francisco County Medical Society, Section on Eye 
Ear, Nose and Throat 


pairman Dr Roy H Parkinson, 870 Market St, San Francisco 
Secreta^ Dr A G Rawlins, 384 Post St, San Francisco 
Place Society’s Bldg, 2180 Washington St, San Francisco Time 
month except June, July and December 


Fourth Tuesdaj 


of every 
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Shreveport Eye, Ear, Nose and Throat Society 

President Dr David C Swearingen, Slattery Bldg , Shreveport, La 
Secretary-Treasurer Dr Kenneth Jones, Medical Arts Bldg, Shreveport, La 
Place Shreveport Charity Hospital Time 7 30 p m , first Monday of every month except 
July, August and September 

Spokane Academy of Ophthalmology and Oto-Laryngologv 

President Dr Clarence A Veasey Sr, 421 W Riverside Ave, Spokane, Wash 
Secretary Dr Clarence A Veasey Jr, 421 W Riverside Ave, Spokane, Wash 
Place Paulsen Medical and Dental Library Time 8 p m , fourth Tuesday of each month 
except June, July and August 

Syracuse Eye, Ear, Nose and Throat Society 

President Dr A H Rubenstem, 713 E Genesee St, Syracuse, N Y 

Secretary-Treasurer Dr I H Blaisdell, 713 E Genesee St, Syracuse, N Y 

Place University Club Time First Tuesday of each month except June, Julv and August 

Toledo Eye, Ear, Nose and Throat Societ\ 

Chairman Dr E A Orwig, 420 Madison Ave, Toledo, Ohio 
Secretary Dr E W Campbell, 316 Michigan St , Toledo, Ohio 
Place Toledo Club Time Each month except June, July and August 

Toronto Academy of Medicine, Section of Ophthalmology 

Chairman Dr W R F Luke, 316 Medical Arts Bldg, Toronto, Canada 
Secretary Dr W T Gratton, 216 Medical Arts Bldg, Toronto, Canada 
Place Academy of Medicine, 13 Queens Park Time First Monday of each month, November 
to April 

Washington, D C, Ophthalmological Society 

President Dr S Bockoven, 1752 Massachusetts Ave, Washington, D C 
Secretary-Treasurer Dr John Lloyd, 1218-16th St N W , Washington, D C 
Place Medical Society of District of Columbia Bldg, 1718 M St N W, Washington, D C 
Time 7 30 p m , first Monday in November, January, March and May 

Wilkes-Barre Ophthalmological Society 
Chairman Each member in turn 

Secretary Dr Samuel T Buckman, 70 S Franklin St, Wilkes-Barre, Pa 

Place Office of chairman Time Last Tuesday of each month from October to May 
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Abnormalities and Deformities See under names 
of organs and regions, as Brain, abnormalities , 
Ejelids abnormalities. Eyes abnormalities. 
Eyes, absence. Hair, abnormalities. Iris, ab- 
normalities, Spine, abnormalities. Zygoma, 
abnormalities, etc 

Abrams, H Vogt-Koyanagi syndrome, 148 
Abscess See under names of organs and regions, 
as Bens Crystalline , etc 

Accommodation and Refraction Sec also Astig- 
matism , Glasses , Alyopla , Night Blindness , 
etc 

aniseikonia , review of 200 consecutive cases 
examined on eikonometer *298 
association between aniseikonia and anomalous 
binocular space perception, *54 
astigmatic accommodation, *247 
combined ophthalmoscope and retinoscope, *067 
comparison of new sensitometnc method with 
usual technics of refraction, *489 
conflimation test for refraction, 419 
correlation of phenomena of crossed and ob- 
liquely crossed cylinders with cylinder retlnos- 
copy and clinical refraction, 579 
emmetropia, 809 

further studies concerning homatroplno cyclo- 
plegia and paredrine with reference to rate 
of accommodative recovery, 384 
homatropine-parednne emulsion as cycloplegic, 
*87 

measure of night vision, 81G 
night vision, *267 
night vision in Array, 386 
paradoxic esotropia during cycloplegia, *259 
practical importance of aniseikonia, 393 
pupillary reflex to darkness, *603 
reply to criticisms of aniseikonia, 393 
silt retinoscope , slit disk for use in connection 
with mirror for retlnoscopy 382 
Acetylcholine See Choline and Choline Deriva- 
tives 

Achromatopsia See Color Blindness 
Acne rosacea keratitis and riboflavin (vitamin Bs) 
692 

Adie Syndrome See under Reflex 
Adler, F H Diabetic retinopathy, 162 
Heparin and dlcoumarin, 164 
Intis, 158 
Miotics, 159 

Ocular tuberculosis, 156 

Physiology of aqueous in completely iridectomized 
eyes *70 

Vasodilators and their action on central retinal 
artery, 152 

Adrenal Preparations, epinephrine mydriasis, *194 
Aerosol application of wetting agents in ophthal- 
mology with reference to sulfonamide com- 
pounds, *352 

Air Raids, color in protectiie night light, 692 
Allen, D G Conversion formula for Snellen 
symbols, 810 

Allen, J A Allergic keratoconjunctivitis, 403 
Allergy See Anaphylaxis and Allergy 
Alopecia, Vogt-Koyanagl syndrome, 148 
Amaurosis See Blindness 
\mbly opia See Blindness 

Ametropia See Accommodation and Refraction 
Hiperopia, Myopia 

Anaphylaxis and Allergy, allergic conjunctivitis 
flora colored ink, *376 
allergic keratoconjunctivitis, 403 


Anesthesia, local, in ophthalmology, 

Aiicuiysm, rupture of aneurysm of circle of WlIUs, 
relatlonsliip between intraocular and intra- 
cranial hemorrhage, *312 
suprasellar, report of case, with recovery, 383 
surgical treatment of vascular diseases altering 
function of eyes, 557 
Angiold Streaks See under Retina 
Angioma See also Telangiectasis 

angiomatosis retinae, report of successful treat- 
ment in 1 case, *250, 568 
Angiospasms See Brain 

Aniseikonia See Accommodation and Refraction 
Anomalies See under names of organs and re- 
gions, as Brain, abnoimallties , Eyes, abnor- 
malities, Eyes, absence. Iris, abnormalities. 
Spine, abnormalities. Zygoma, abnoimallties, 
etc 

Aiiophthalmos Sec Eyes, absence 
Aphasia i isu il , visual functions in strephosym- 
bolia, *707 

Apparatus See also Instruments 
comparison of new sensitoraetric method with 
usual technics of refraction, *489 
influence of prolonged wearing of meridional size 
lenses on spatial localization, *645 
Appclbaum, A Simplest instrument for removal 
of foreign bodies from cornea, *262 
Appointments, 139, 280 
\queous Humor , aqueous veins, 811 
intrascleral vascular plexus and its relations to 
aqueous outflow, 811 

physiology in completely iridectomized eyes, *70 
quantitative comparison of methods of admin- 
istering physostigmlno, *521 
study as aid to understanding uveitis and certain 
related conditions, 140 

sulfonamide content of aqueous humor following 
conjunctival application of drug powders, 811 
Aiiboflavinosis See Riboflavin 
Armstrong, R Management of iridocyclitic secon- 
dary glaucoma, 563 

Arsenic and Arsenic Compounds See also Try- 
parsamide 

experimental production of primary optic atrophy 
in monkeys by administration of organic 
arsenical compounds, 282 

Arteries See also Aneurysm , Thrombosis , Vaso- 
motor System, etc 
Retinal See Retina, blood supply 
surgical treatment of vascular diseases altering 
function of eyes, 557 

\scher K W Corneal vascularization problems, 
407 

Asthenopia, story of, important part played by 
Philadelphia , what of present and future ? 
*167 

Astigmatism, astigmatic accommodation, *247 
correlation of phenomena of crossed and obliquely 
crossed cylinders with cylinder retinoscopy and 
clinical refraction, 579 
low, correction of 390 

new cross cylinder test of astigmatic axis for 
use without test type, 388 
possible fallacy in use of cross cylinder, 285 
Atkinson, W S Case of chronic mercurialism 
with colored reflex from anterior lens capsule, 
287 

Colored reflex from anterior capsule of lens which 
occurs in mercurialism, 411 
Local anesthesia in ophthalmology, *777 
Atrophy See under names of organs and regions 
as Ins, Nerves, optic, etc 
Vutomtoxication See Toxemia 
Aviation and Aviators, military ophthalmology. 

Avitaminosis See under Vitamins , and under 
names of deficiency diseases 
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Bacilli ''ce Bicterii 

Bactcin Set also Staphylococci, Viruses, etc 
anti Muiscs in epidemics of conjunctivitis and 
Keratoconjunctivitis *129 
bacterial infections following intraocular opera- 
tions *126 

bacteriologic examination of conjunctiva prior 
to intiaocular operations *125 
bacteriologic obstiiatlons on infections of eye 
*110 

Calmette Guerin See Tubeiculosls 
Granulosis See Trachoma 
in infections of cornea *127 
in iritis uveitis iridocyclitis choroiditis and 

panophthalmitis *131 

in more common infections of conjiuictna and 
eyelids *120 

Infections of lacrimal apparatus *131 
Pneumococcal See Pneumococci 
pyocyaneus, theiapeutlc expericnees with corneal 
ulcer due to *221 
Tetanus See Tetanus 
B ildness See Alopecia 

Beach S J Correction of Ion astigmatism 

390 

Beal s Disease See undti Conjunctii itis 
Bedell A 3 Bilateial metastatic carcinoma of 
choroid *25 

Bellows J G Application of wetting agents in 

ophthalmology with reference to sulfonamide 
compounds *332 

Electrophoretic studies on serums of patients with 
ocular disturbances *021 
Intraocular Iiemoriliagcs in choline deficiency 
*105 

ICcratoconjunctnitis sicca *207 
Local toxic effects of sulfanilamide and some of 
Its derlvatlies *C5 

Bells Paralysis See Paralysis, facial 
Berens C Conflimation test for refiaction 410 
Effect of sulfonamide ointment on healing of 
experimental wounds of rabbit cornea *031 
Postoperative exotropia with limitation of adduc- 
tion , results of transplantation of Tenon s 
capsule SG5 

BerKe B S Exophthalmos due to chronic orbital 
myositis *440 

Besnler-Boeck-Schaumann Disease See Sarcoidosis 
BlelschowsKy reprints 532 
BlacKouts See Air Balds 
Blepharoconjunctivitis See Conjunctivitis 
Blepharoplasty See under I yelids 

Blepharoptosls See Pyellds ptosis 

Blindness See also Vision defective etc 

bilateral interstitial Keratitis leading to 555 
Color See Color Blindness 
Mght See Night Blindness 
ophthalmology and sociology, 693 
Word Blindness See Aphasia visual 
Blood cholinesterase values of patients with gl m 
coma, *371 

electrophoretic studies on serums of patients with 
ocular disturbances *621 
fats and lipoids llpaemia rctlnalls 385 
fats and lipoids, lipaemla rctlnalls report of 
case *358 

BoecK s Disease See Sarcoidosis 
Bones See under names of bones 


Book Reviews 


Art of Seeing A Huxley 582 
Cstigmatlsmo, blastlgmatlsmo y tablas de trans- 
formaclon , M xiarquez, 420 
Dictionary of Bio Chemistry and Belated Sub 
jeets V M MnUsoff 290 
Fxtra-Ocular Aluscles Outline L Hughes 
704 

Fixing Men and Medicine, E 0 Barr 166 
Hundred Years of Medicine C D Haagensen 
and M F B Llovd 817 
Nicholas Copernicus 1543-1943, S P Mizwa 
166 

Bcconstructlve Surgen of Fvellds, W L Hughes 


TO 'i 

Behabllltatlon of Mar Injured Symposium edited 
bv VS B Dobertx and D D Runes 706 
Transactions of American Ophfhalmologlcal 
Society 583 

Transactions of Ophtlialmological Society of 
\ustmlla (British Medical Association), 420 
■Vertebrate Pbolorceeptors S R Dctwllcr 705 


Bouinevilles Disease See Sclerosis, tuberous 
Bowen’s Disease See Cancer, precancer 
Bold J L Quantitative comparison of methods 
of administeiing physostigmine, *521 
Brain See also Corpus Callosum, Nervous 
System, etc 

abnormalities , llssencephaly, 384 
Vneurysm See under Aneurysm 
blood supply, rupture of aneurysm of circle of 
Willis, relationship between Intraocular and 
intracranial hemorrhage, *312 
congenital paralysis of lateral rotators of eyes 
with paralysis of muscles of face, *38 
Diseases See Encephalitis , etc 
localization of function , functional representa- 
tion in oculomotor and trochlear nuclei 554 
new answer to question of macular sparing 
’■421 

pathology diabetes insipidus and other unusual 
complications of acute purulent sinusitis, 
clinicopathologic study of case 557 
pupillary reflex to darkness, *603 
Sclerosis See Sclerosis 

symptomatology of occipital angiospasms, report 
of case, 143 

Bialey A E Local sulfonamide therapy of catar 
rhal conjunctivitis with sulfonamide compounds 
108 

‘Superficial punctate keratitis Keratoconjuncti- 
xltis 160 

Biowman L G Embryology of microphthalmos 
in Rattus norveglcus *338 
Brown E H Therapeutic experiences with comeal 
ulcer due to Bacillus pyocyaneus, *221 
Brown E V L Results of desensitization in 
tuberculous Iritis, 402 
Biiclty Rays See Roentgen Rays 
Bull H B Electrophoretic studies on seiums of 
patients with ocular disturbances *021 
Piirch F E Sletastatic orbital infection , report 
of case 410 

Results of irradiation of malignant melanoma of 
uveal tract, 567 

Burian H M Influence of prolonged wearing of 
meridional size lenses on spatial localization 
*645 

Experimental studies of ocular tuberculosis , effect 
of desensitization with tuberculin m experi- 
mental ocular tuberculosis 403 
Burns old and new ideas in therapy of caustic 
burns report of cases, 382 
Buschke W Classlflcatlon of experimental 
cataracts in rat recent observations on 
cataract associated with ti-yptophan deficiency 
and with some other experimental conditions 
*735 

Dystrophic cataracts and their relation to other 
metabolic cataracts, *751 

Camp AV E Results of irradiation of malignant 
melanoma of uveal tract 507 
( ancer See also Epithelioma , Tumors , and under 
names of organs and regions as Choroid etc 
precancer, intraepithelial epithelioma of comen 
and conjunctiva (Bowen's disease), 145 
precancer precancerous melanosis and resulting 
malignant melanoma (cancerous melanosis) of 
conjunctiva and skin of lids, 409 
Carbamlnoylchollne See Choline and Choline 
Derivatives 

Carcinoma See Cancer 

Casts new ophthalmic impression material, *026 
Cataract and experimental chronic thallium poi 
sonlng *754 

and experimental tryptophan deficiency, *fa5 
and riboflavin deficiency, *754 
associated with anomalies of hair, *757 
associated with dystrophia myotonica (myotonia 
atrophica) (Stelnert-Batten-GIbb) *759 
associated with keratosis folllculnrls (Darlers 
disease), telangiectasis and myxedema, *767 
associated with mongolism, *757 
complicating comeal scars after perforating 
ulcers 416 

disability lawsuit following successful bilateral 
extraction, 143 

distribution of manifestations of experimental 
and clinical dystrophies with cataract, *701 
due to damage from roentgen rays, *700 
dystrophic and their relation to other "meta- 
bolic cataracts *751 
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*^'e\perimentai!’^ classification m rat , recent ob- 
servations on cataract associated with tryp- 
tophan deficiency and with some other experi- 
mental conditions, *735 
glass blowers’ cataract, 151 . ^,o 

intracapsular extraction, proceduies in, 14s 
mtracapsular extractions by Weber s loop as 

loutine method, 814 , , 

mineral constituents of sclerosed human lenses, 
*255 

lole of endocrine glands in “metabolic'’ cataracts. 


syndromes with dermatoses of atopic dermatitis 
type, *756 „ 

with neurodermatltis , report of 2 cases, *7bi 
Catarrh See Conpinctlvitls , etc 
Cauterization See under names of various dis- 
eases 

Cavernous Sinus, Thrombophlebitis See Thrombosis 
Cellulitis See Orbit 
Cerebrum See Brain 

Chace, R R StiucUiial tlianges in external 
geniculate body of rat following removal of 
eyes, *75 

Chemotherapy See under names of diseases and 
cliemotlierapeiitic agents, as Conpinctlva, Cor- 
nea, Eyes, diseases. Ophthalmia, sympathetic. 
Orbit, Staplnlococci , Sulfonamides, Trachoma, 
etc 

Chinn, H Intraocular hemorrhages in choline 
deficiency, *105 

Cliolced Dish See Neuritis, optic 
Cholesteatoma of orbit, *236 
Cholesterol See Lipoids 

Choline and Choline Derivatives, caib vminoylchollne 
chloride in petrolatum, *501 
intraocular hemorrhages In choline deficiency, 
*103 

Cholinesterase in Blood See under Blood 
Chorioretinitis See Retinochoroidltls 
Choroid bilateral metastatic carcinoma, *25 
bilateral metastatic carcinoma, report of case, 
*776 

extrapapillary coloboma, 418 
fire hundred melanomas of choroid and ciliarv 
body followed o years or longer 810 
Infiamraation See Retinochoroidltls 
malignant melanoma of, 149 
Cicatiix See under Cornea 


Ciliary Body See Iridocyclitis, Dvea 
Circle of Willis See Brain, blood supply 
Clinics, why is glaucoma clinic desirable’ 573 
Cloves, oil of clove and eugenol , their modicodental 
liistory, 2S4 

Coloboma See under Choroid , etc 
Color In protective night light, 092 
Color Blindness, achromatopsia , report of 3 cases, 
*225 

comparison of cases of atypical and typical 
achromatopsia, 816 

homonymous defects for color, object and letter 
recognition (homonymous heralamblyopia) be- 
fore and after section of corpus callosum, 
693 

Comparator See Accommodation and Refraction 
Congress See Societies 

Conjunctiva, bacteria in more common infections 
of conjunctiva and eyelids, *120 
bacteriologic examination prior to intraocular 
operations, *125 

early detection of avitaminosis A by gross or 
biomlcroscoplc examination of conjunctiva, 281 
factors governing resistance, immunity and in- 
fection of conjunctiva and cornea, *114 
intraepithelial epithelioma of cornea and con- 
junctiva (Bowen’s disease), 145 
ocular pemphigus and Its relation to pemphigus 
of skin and mucous membranes, 382 
plastic shell for use in simple evisceration of 
globe, *775 

precancerous melanosis and resulting malignant 
melanoma (cancerous melanosis) of conjunctiva 
and skin of lids, 409 
spatula used In scraping conjunctiva, *111 
sulfonamide content of aqueous humor following 
conjunctival application of drug powders, SlI 
Surgery See Glaucoma 
fiiherculosts, primary, *196 


Conjunctlvltlb See also Keratoconjunctivitis, 
Oplitlialmla 

acute follicular, resembling Beals type, 812 
allergic, from colored ink, *376 
bacteria and viruses in epidemics of conjunc- 
tivitis and keratoconjunctivitis, *129 
Gnnular See Trachoma 

intestinal autointoxication as cause of chronic 
blepharoconjunctivitis, 141 
local sulfonamide therapy of catarrhal conjunc- 
tivitis with sulfonamide compounds, 408 
mcinbnnous Inflammation of oropharynx, nose 
and conjunctiva due to sulfathlazole admin- 
istration, 554 
of newborn, *116 
Pannus See Trachoma 

Phlvctenular See Conjunctiva, tuberculosis 
lerurrent, role of meibomian glands In, 140 
venial catarrh, 163 

Constans, G M Cholesteatoma of orbit, *236 
Constantine, E E Tuberous sclerosis, *494 
Contact Glasses See Glasses 
Conliacturo In ocular muscle paralysis, 285 
Cooper, J Electrophoretic studies on serums of 
patients with ocular disturbances, *621 
Cooper, J H management of irldocyclltic secon- 
dary glaucoma, 503 

Coinea, bacteria In Infections of, *127 

blood supply, superficial vascularization, results 
of riboflavin therapy, I4l 
blood supply, vascularization problems, 407 
< aibaminoylchollne chloride In petrolatum, *591 
c itnract complicating corneal scais after per- 
forating ulcers, 416 

’( iicumcorneal injection as sign of riboflavin de- 
ficiency in man , account of 3 cases of arlbo- 
flnvinosls, 283 

conical , keratoconus posticus circumscrlptus, 
*732 

cflect of sulfonamide ointment on healing of 
experimental wounds of rabbit cornea, *631 
factors governing resistance. Immunity and In- 
fection of conjunctiva and cornea, *114 
flxatioml corneal light reflexes as aid in binocular 
Investigation, *505 
Inflammation See Keratitis 
injuries, local toxic effects of sulfanilamide and 
some of its derlraflvcs, *05 
Intraepithelial epithelioma of coinea and con- 
junctiva (Bowen’s disease), 145 
lipoid degeneration of, 381 
Pannus See Trachoma 

pathology of cliolesterin and fat deposition in 
mustard gas injuries of, 555 
patliology , third entity of primary symmetrical 
fatty dystrophy, 282 
permeability, 812 
recurrent erosion, 165 

simplest instrument for removal of foreign bodies 
from cornea, *262 

Surgery See also Cataract, Glaucoma 
surgeiy, surgical removal of corneal scars, 381 
surgery, transplantation, *14 
‘’ypliills See Keratitis, interstitial 
ulcers due to Bacillus pyocyaneus, therapeutic 
experiences, *221 

Coipus Callosum, homonymous defects for color, 
object and letter recognition (homonymous 
liemiamblyopla) before and after section of, 
693 

Coipus Genlculatum, structural changes in external 
geniculate body of rat following removal of 
eyes, *75 

Cotterman, C W Genetic studies on ectopia 
lentis, pedigree of simple ectopia of lens, *610 
Crandall, A S Malignant exophthalmos, 3 cases, 
146 

Cranium, combined Intracranial and orbital opera- 
tion for retinoblastoma, *437 
lieterochromla of Iris, *93 

intracranial dermoid and epidermoid tumors, 560 
rupture of aneurysm of circle of ’Willis, rela- 
tionship between Intraocular and Intracranial 
hemorrhage. *312 

Crisp, W H New cross cylinder test of astigmatic 
axis for use without test type, 388 
Crystalline Lens See Lens, Crystalline 
Cyclltls See Iridocyclitis 
Cj’clodialysls See under Glaucoma 
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Cjcloplegia See Accommodation and Refraction 
Cjsts See under names of organs and regions, 
as Ins, etc 

Dermoid See under Tumors 

Daner’s Disease See Keratosis folllcularls 
Dark Adaptation See Accommodation and Refrac- 
tion 

Davis, AV T Differential diagnosis of paresis of 
oWique and of superior and inferior rectus 
muscles, 57G 

Military ophtlialmology, 698 
Deafness A^ogt-Koyanagi syndrome, 148 
Deformities See under names of organs and re- 
gions, as Ejes, abnormalities. Eyes absence. 
Iris abnormalities. Spine, abnormalities, Zj- 
goma, abnoimalities , etc 

de Gara, P P Effect of sulfonamide ointment 
on healing of experimental wounds of rabbit 
cornea, *631 

Degeneration See Macula Lutea 
de Long P Tumor formation at disk, leport of 
case, 417 

Dentistrj, cloves, oil of clove and eugenol, theli 
medicodental history 284 
Depth Perception See Space, perception 

Dermatitis, Atopic See Neurodermatitis 

possible danger in use of merthiolate ophthalmic 
ointment, *265 

Dermoid Cyst See under Tumors 
Detergents application of wetting agents in ophthal- 
mology with reference to sulfonamide com- 
pounds, *352 

quantitative comparison of methods of admin- 
istering physostigmlne *521 
Diabetes Insipidus and other unusual complications 
of acute purulent sinusitis , clinlcopathologic 
study of case, 557 

Diabetes Mellltus, diabetic retinopathy, 162 
lipaemia retinalis 385 
lipaemia retmalls , report of case, *358 
Diathermy See under names of discises oigins 
and regions as Melanoma , etc 
Dicouraarin See Retina, blood supply 
Diplegia See Paralysis 
Directory of ophthalmologic societies 818 
Disk, Optic See Nerves optic 
Doryl See Glaucoma 
Drugs coincal permeability, 812 
Dublin G J Glass blowers cataract 151 
Ductless Glands See Endocrine Glands 
Dunnington, J H Exophthalmos due to chronic 
orbit il myositis *446 
Djsacousla See Deafness 
Dystrophj See also under Cornea , etc 
distribution of manifestations of expeilmental 
and clinical dystrophies with cataract *761 
dystrophic cataracts and their relation to other 
metabolic' cataracts *751 

Ear See Deafness 

Ectopia Lentis See Lens, Crystalline 

Edema See Eyelids , etc 

Education, discontinuance of graduate couisr 
280 

teaching afBliation of New York Eje and Ear 
Infirmary, 378 

Elkonometer See Accommodation and Refraction 
Electrocoagulation See under specific headings 
Electro]} sis See Retina detachment 
Electrophoresis, electrophoretic studies on scrum'i 
of patients with ocular disturbances *621 
Electrosurger} See under specific headings 
Ellett, E C Abscess of crystalline lens 415 
Ellis, F A Possible danger In use of merthiolate 
ophthalmic ointment, *265 
Embolism See Thrombosis 
Emmetropla See Accommodation and Refraction 
Emphysema, orbital simulating cellulitis 558 
Encephalitis, ocular changes in postencephalitic 
parkinsonian syndrome, 384 
Endocrine Glands, role In ‘metabolic’ cataracts 
•7G0 

Endophthalmitis See Eyes, diseases Ophthalmia 
Enophthalmos See Eyes 

Enucleation See Cataract, extraction F}es sur- 
gery, Glaucoma, etc 
Epidermoid Tumors Sec Tumors 
rpinephrlnc See Adrenal Preparations 
Epiphora See Lacrimal Organs 


Epithelioma, intraepithelial, of cornea and con 
}unctiva (Bowen's disease), 145 

Esophoria See Strabismus 

Esotropia, paradoxic, during cycloplegia, *259 
recurring attacks of concomitant exotropla, each 
followed by transient esotropia, migraine 
probable cause, *727 

Estrogens therapy in edema of lids during men- 
strual and climacteric period, report of cases, 
383 

Eugenol, cloves and oil of clove, their medicodental 
lilstor}, 284 

Eiisceratlon See Eyes, surgery 

Exophoria See Strabismus 

Exophthalmos duo to chronic oibital mjositis, *146 
malignant, 3 cases, 146 

pulsating, surgical treatment of tasctilar diseases 
altering function of eyes 557 

Exotropia, postoperative with limitation of adduc- 
tion, results of transplantation of lenon’s cap 
sule, 565 

recurring attacks of concomitant exotropia, each 
followed by transient esotropia, migraine prob 
able cause *727 

Eyelids abnormalities, deficiency of malar bones 
with defect of lower lids, 140, 281 
bacteria in more common Infections of conjunc 
tiva and eyelids, *120 

edema during menstrual and climacteric period 
estrogen therapy , report of cases, 383 
precancerous melanosis and resulting malignant 
melanoma (cancerous melanosis) of conpinc 
tiva and skin of lids, 409 
ptosis congenital , factors which Indicate neces 
sity for varied surgical procedures, 561 
role of meibomian glands in recurrent con- 
junctivitis 140 

Byes See also Orbit , Vision , and under names of 
special structures and diseases 
Abnormalities See also under names of special 
structures of eye 

abnormalities , embryology of microphthalmos in 
Rattus noivegious, *338 
abnormalities, lissencephah, 384 
abnormalities i are congenital ocular abnormality 
812 

absence congenital bilateral anophthalmos *320 
absorption of infra-roentgen (biicky) rays of 
various qualities by anterior portions of eye- 


ball, *43 
Accommodation 


See Accommodation and Re 


fraction 

Anesthesia See Anesthesia 

Anomalies See under names of special structures 
of eye and diseases 

bacteria In iritis, meitls iridocyclitis choroiditis 
and panophthalmitis *131 
bactcriologic observations on infections of *110 
Blood Supply See Retina blood supply 
Cysts See under names of special structures 
of eye - , 

Diseases See also Iridocyclitis, Glaucoma, Oph- 
tlinlmia. Trachoma, etc 

diseases , application of wetting agents in opn- 
thalmology w'lth reference to sulfonamide 
compounds *352 

diseases, autogenous vaccine therapy laG 
diseases, cloves, oil of clove and eugenol, tiieir 
medicodental history 284 , 

diseases electrophoretic studies on serums oi 
patients with ocular disturbances *021 
diseases , ocular Inflammations of focal origin 

diseases round table discussion on nonsurgical 
theiapy m ophthalmology, 152 
diseases aitamin therapy in ocular conditions 
162 

diseases altamin therapy’ in ophthalmology, 697 
effect of mydriatics on Intraocular pressure in 
so called primary wide angle glaucoma aui 
Examination See also Accommodation and Ra- 
fraction , Foreign Bodies , Vision, tests etc 
examination portable slit lamp and its clinical 
value *263 

Focal Infection and See Infection focal 
Foreign Bodies In See Foreign Bodies 
hemorrhage, intraocular hemorrhages In choline 
deflcleiicv, *105 

Inflammation following perforating injuries, 28s 
Injuries See also under Cataract , Foreign 
Bodies 

Injuries, retinal detachment and trauma 
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Ejes— Continued 

Injuiies tetanus following, 814 
Ijmphogranuloma venereum lesions of, 813 
lymphomatoid diseases Involving eye and its 
adnexa, *179 

Melanosis See Melanosis 

Moiements See also Nystagmus, Paralysis, 
Strabismus, etc 

movements, lecuiring attacKs of concomitant 
evotropia, each followed by transient esotropia, 
migraine probable cause, *727 
movements , voluntary convergence, 285 
Muscles See also Paralysis, Strabismus 
muscles, experimental transposition of extra- 
ocular muscles in monkeys, 815 
muscles , functional representation in oculomotor 
and trochlear nuclei, 554 
muscles, postoperative exotropla with limitation 
of adduction , results of transplantation of 
Tenon’s capsule, 5G5 

muscles , recession of trochlea in overactlon of 
superior oblique, 815 
mycotic infections of, *134 

ocular changes in postencephalitic parkinsonian 
syndrome, 384 

old and new ideas in theiapv of caustic burns, 
report of cases, 382 

ophthalmologic aids in neurologic diagnosis 383 
Paralysis Sec Paralysis 
parasites, fllaria worm in eye, 558 
parasites, removal of fllaria worm from eye, 
558 

patliologic anatomy of myopic eye with regard 
to newer theories of etiology and pathogenesis 
of myopia, *476 

penicillin and sulfadiazine in treatment of ex- 
perimental intraocular infection with pneumo- 
coccus, *426, 698 

physiology, course In gonioscopv, 280 
Pigmentation See under special structures of 
eyes 

possible danger in use of mertliiolate ophthalmic 
ointment, '265 __ 

llefraction See Accommodation and Refraction 
relation of riboflavin to, 813 
ilieiimatio inflammation of, 142 
rupture of aneurysm of circle of Willis , re- 
lationship between intraocular and intracranial 
hemorrhage, * 312 

speculum with retractoi for holding nictitating 
membrane of rabbit’s eye, '*113 
structural changes in external geniculate body 
of rat following removal of eyes, *75 
Surgery See also Cataract, extraction , Cornea, 
surgery , Glaucoma , etc 
surgery , bacterial Infections following intraocular 
operations, *126 

suigery, bactenologic examination of conjunctiva 
prior to intraocular operations, *123 
surgery , plastic shell for use in simple eviscera- 
tion of globe, *775 
Tension See Glaucoma, Tension 
traumatic enophthalmos, *718 
Tuberculosis See Tuberculosis 
virus infections of, *136 


Face, injuries local toxic effects of sulfanilamide 
and some of its derivatives, *65 
Paralysis See Paralysis, facial 
Falls, H F Genetic studies on ectopia lentis, pedi- 
gree of simple ectopia of lens, *610 
Lipaemia retinalis, report of case, *358 
Fat See also Lipoids 

third entity of primary symmetrical fatty corneal 
dystrophy, 282 

Favre-Nicolas Disease See Lympliogranulomp 
Venereum 

Feeblemindedness See Idiocy 
Fever, Relapsing See Relapsing Feier 
Filarlasis, fllaria worm in eye, 558 
removal of fllaria worm from eye, 558 
Fisher, C Clifford B Walker, 379 
Foramen Hyaloldaea See Vitreous Humor 
Foreign Bodies, localization in posterior wall ol 
operative removal by use ol 
scleral lamp , report of case, 814 

multiple intraocular foreign bodies, 557 


Foieign Bodies — Continued 
piece of glass movable in eyeball for 23 years, 
report of case, 814 

removal of small magnetic foreign bodies from eye 
18 months after date of injury, 557 
simplest instrument for removal of foreign bodies 
from cornea, *262 

Fovea Centralis See Macula Lutea 
Frallck, F B Management of iridocyclitlc secon- 
dary glaucoma, 563 

Frelman, G Clinical study and review of tonome 
tiy, *526 

Fridenbcrg, P Miotics, 159 

Pry, W E Tumor formation at disk, report of 
case, 417 

Fundus Oculi Sec under Retina 

Gabriels, T A C Conversion formula for Snellen 
symbols, 13S 

Snellen symbols and naval examiner, 377 
Gallardo, E Primary herpes simplex keratitis , 
clinical and experimental study, *217 
Gas, poisoning, mustard gas keratitis under con- 
stant observation for period of 20 years, 141 
poisoning , pathology of cholcsterin and fat de- 
position in mustard gas injuries of cornea 555 
Geniculate Body See Corpus Geniculatum 
Gifford, S R Autogenous vaccine therapy, 156 
Intis, 158 

Keratoconjunctivitis sicca, *207 
Plastic shell for use in simple evisceration of 
globe, *775 

Recurrent corneal erosion, 165 
Suporfleial punctate keratitis , keratoconjuncti- 
vitis, 160 

Treatment of epiphora, 161 
Uveitis with secondary glaucoma, 153 
Vitamin therapy in ocular conditions, 162 
Givner, I Bilateral uveitis, poliosis and retinal 
detachment with recovery , report of case, *331 
702 

Pupillary reflex to darlmess, *603 
Glass blowers' cataract, 151 

Glasses See also Accommodation and Refraction 
contact lens in cases of neuroparalytic keratitis, 

555 

fitting of contact lenses, *763 
influence of prolonged wearing of meridional size 
lenses on spatial localization, *645 
neutralizing cylinder glasses as test for malinger- 
ing, 693 

new ophthalmic impression material, *626 
Glaucoma, 556 See also Tension 
blood cholinesterase values of patients with, *371 
carbaminoylcholine chloride in petrolatum, *591 
clinical study and review of tonometry, *526 
congenital, operation for, 556 
course in gonloscopy, 280 

effect of mydrlatlcs on Intraocular pressure in 
so-called primary wide angle glaucoma, 402 
electrophoretic studies on serums of patients with 
ocular disturbances, *621 
management of Iridocyclitlc secondary glaucoma, 
563 

progressive atrophy of ins with formation of 
holes and increased intraocular tension, report 
of cases, 697 
reoperaflons for, *499 
results of surgery, 283 
loentgen therapy of, 813 
simple, treatment of, 153 

surgery, practical applications of gonioscopy to, 

556 

use of doryl in treatment, 142 
uveitis with secondary glaucoma, 153 
why is glaucoma clinic desirable? 573 
Glioma, combined intracranial and orbital opera- 
tion for retinoblastoma, *437 
Gluckman, R Local toxic effects of sulfanilamide 
and some of its derivatives, *65 
Gonin’s Operation See Retina, detachment 
Gonloscopy See Eyes, physiology , Glaucoma 
Gradle H S Why is glaucoma clinic desirable? 
573 

Granuloma, Venereal See Lymphogranuloma 
Venereum 

Greear, J N , Jr Rupture of aneurysm of circle 
of Willis , relationship between intraocular and 
intracranial hemorrhage, *312 
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Gumma See under names of organs and regions 
Gutmann Jf Application of wetting agents In 
ophthalmology with reference to sulfonamide 
compounds, *352 

Guzek, J T Thrombosis of central retinal vein 
treated successfully with heparin, report of 2 
cases, *232 


Hair, abnormalities, cataract associated with 
anomalies of hair, *757 

color of, bilateral ureitls, poliosis and retinal 
detachment with recovery, report of case, *331 
702 

color of, Vogt-Koyanagi syndrome, 148 
Diseases See Alopecia 
Harada’s Disease See Dvea inflammation 
Hare, R Congenital bilateial anophthalmos 
*320 

Head See also Cranium 

injuries, unilateral involvement of optic nerve 
in, 143 

Headache See Migraine 
Heed, C R John Milton Griscom 547 
Hemangioma of orbit removed bj operation 286 
Hemeralopia See Night Blindness 
Hemiamblyopia See Vision 
Hemorrhage See Byes hemorrliage etc 
Heparin See Retina, blood supply. Thrombosis 
Herpes simpler, forms of heratitis presumably due 
to virus of, 282 

simpler, primary herpes simpler heratitis, clini- 
cal and experimental study, *217 
Hess, L Epinephrine mydriasis, *194 
Heterochromia of Iris *93 
Heterocliromla See Iris 

HlcKs A M AniseiUonia, renew of 200 con- 
secuthe cases evamined on eiKonometer, *298 
Congenital paralysis of lateral rotators of eyes 
with paralysis of muscles of face *38 
Hill, J Reticulin content and prognosis in malig- 
nant melanoma of uvea *291 '' 

ton Hippel’s Disease See Angioma, Retina 
Holmes W J Night vision, *267 
Homatropine, further studies concerning homatroplne 
cjcloplegla and paredrine with reference to rate 
of accommodative recovery, 384 
horaatropine-paredrlne emulsion as cjclopleglc 
*87 

Hormones See Adrenal Preparations , Endocrine 
Glands, Estrogens, etc 

Horopter, Influence of prolonged wearing of 
meridional size lenses on spatial localization, 
*645 

Hyaloid Canal See under Vitreous Humor 
Hymes C Correlation of phenomena of crossed 
and oblltiuely crossed cylinders with cylinder 
retinoscopy and clinical refraction 579 
Hyperergy See Anaphylaxis and Allergy 
Hypermetropla See Hyperopia 
Hyperopia problem of hypermetropic miner 695 
Hypertension, Ocular See Tension 
Hjpertonia See Tension 
Hyphemia See Eyes, hemorrhage 
Hypophysis See Pituitary Body 
Hypop>on See Cornea, ulcers 


Idiocy, amaurotic, anomalous forms and their bear- 
ing on relationship of various types, 696 
Alongolian See Mongolism 
Illumination See Eightlng 

Imbecility See Idiocy , 

Industrial Diseases See also Mines and Allners 
acute follicular conjunctivitis resembling Beal's 
type, 812 

epidemic heratoconjunctivltis, 812 
glass blowers’ cataract, 151 
multiple intraocular foreign bodies, 5o. 
treatment of epidemic keratoconjunctivitis 692 
Industry, ophthalmology and sociology, 693 
Infants Newborn See Newborn Infants 
Premature See Premature Infants 
Infection See also Wounds 
focal, ocular inflammations of focal origin, 14o 
Inflammation Corneal Sec Keratitis 

Ocular See under special structures of eyes 
Infra-Roentgen (Buck-y) Ravs See Roentgen Rays 
Injuries See under names of organs and regions, 
as Cornea Face Head etc 


Ink, colored alleigit conjunctivitis from, *376 
Instruments See also Apparatus 
clinical study and review of tonometry, *526 
color in protective night light 692 
combined ophthalmoscope and retlnoscopc, *667 
eikonometer and comparator, 278 
local anesthesia in ophthalmology, *777 
portable slit lamp and Its clinical value, *263 
simplest instrument for removal of foreign bodies 
from cornea, *262 

slit rettnoscope , slit disk for use in connection 
with mirror for retinoscopy, 382 
spatula used in scraping conjunctiva, *111 
speculum with retractor for holding nictitating 
membrane of rabbit's eye, *113 
standardization and checking of ScliIjJtz tonom- 
eters, *1 

sterilization of sharp instruments by chemical 
solutions, 381 

Insulin See Diabetes Mellltus 
Internal Secretions See Endocrine Glands 
Intestines intestinal autointoxication as ciuse of 
chronic blephaioconjunctivltls, 141 
Intraocular Tension See Tension 
Iridectomj See under Cataract, Glaucoma, Iris 
Iridocyclitis See also Ophthalmia, sympathetic 
bacteria in intis, uveitis, iridocyclitis choroiditis 
and panophthalmitis, *131 
electrophoretic studies on serums of patients witli 
ocular disturbances, *621 
management of Iridocyclltic secondary glaucoma, 
363 

ocular complications in relapsing fever 283 
Ins See also Pupils 

abnormalities, anomalous processes of ciliary type 
on posterior surface of Iris, 554 
abnormalities , displacement of clli try processes 
to posterior surface of Iris, 555 
Foreign Bodies in See under Foreign Bodies 
heterochromia of *93 
Inflammation See also Iridocyclitis 
inflammation, bacteria in iritis uveitis Irido 
cyclitis choroiditis and panophthalmitis, *131 
inflammation, iritis, 158 

inflammation results of desensitization in tuber- 
culous iritis, 402 

physiologj of aqueous in completely iridectomized 
eyes *70 

progressive atrophy with formation of holes and 
increased intraocular tension , report of case, 
697 

Iritis See Iris, inflammation 
Irons E E Results of desensitization in tubercu- 
lous iritis, 402 

Jackson E Practical importance of aniseikonia, 
393 

Tensen's Disease See Retinochoroldltls 
Johnson, G M Malignant melanoma of choroid 
149 

Jurisprudence Medical, disability lawsuit following 
successful bilateral cataract extraction 143 

Kennedy, P Leslie J Paton, 549 
Keratitis See also Keratoconjunctivitis 
acne rosacea keratitis and riboflavin (vitamin Bs) 
692 

forms presumably due to virus of herpes simplex 
282 

Interstitial, bilateral, leading to blindness 555 
interstitial , vitamin E (wheat germ oil) in treat- 
ment *467 

mustard gas keratitis under constant observation 
for period of 20 years, 141 
neuroparalytic, contact lens in cases of, 555 
primary herpes simplex keratitis, clinical and 
experimental study, *217 
superflcial punctate keratitis, kerafoconjiinctivllls 
160 

Trachomatous See Trachoma 
Ulcerative See Cornea, ulcers 
use of riboflavin in treatment of corneal diseases 
381 

Keratoconjunctivitis, bacteria and viruses in epi- 
demics of conjunctivitis and I eratoconjunctl- 
vltls, *129 
allergic, 403 
epidemic, 812 
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Keiatoconjuncth itis — ConUnued 
epidemic treitment of, 692 

superficial* punctate keratitis, . Keiatoconjunctl- 
vitis, 160 

Keratoconus See Cornea, conical 

Keratoplasty See Cornea, surgery 

Keratosis folllcularis , cataract associated witli 
keratosis follicularls (Darler’s disease), tel- 

angiectasis and myxedema, *757 
Knapp, A Leslie J Paton, 549 

Peripheral retinal holes without detachment, obo 
Retinal detachment and trauma, *770 
Knighton, W S Reoperations for glaucoma, *499 

Kojanagi-Vogt Svndrome See under Uvea, in- 
flammation , , 

Krimsky, E Flxatlonal corneal light reflexes as 
aid In binocular investigation, *505 
Portable slit lamp and its clinical value, *263 
Kionfeld, P C Eifect of mydriatics on intra- 
ocular piessiire in so-called primary wide angle 
glaucoma, 402 


Lacrimal Canal See Laciimal Organs 
Lacrimal Organs, infections of lacrimal appaiatus, 
*131 

treatment of epiphora 101 
Lambert, R Topography of orbit with reference 
to retrobulbar injection, 700 
Lamina Sclerae See Sclera 
"Vitrea See Choroid 

Lancaster, W E , dinner in honor of, 688 
Eikonometer and comparator, 278 
Reply to criticisms of aniseikonia, 393 
Story of asthenopia , Important part played by 
Philadelphia, what of present and future’ 
*107 

Lens, Crystalline, abscess of, 415 
astigmatic accommodation, *247 
case of chronic mercurialism with colored reflex 
from anterior lens capsule, 287 
colored reflex from anterior capsule of lens which 
occurs in mercurialism 411 
fibroblastic overgronth of persistent tunica xascu- 
losa lentis in premature infants , report of 
cases , clinical aspects, 413 
genetic studies on ectopia lentis , pedigree of 
simple ectopia of lens, *610 
mineral constituents of sclerosed Inim in lenses, 
*255 

Opacity See Catiract 

subconjunctival dislocation of lens nith sympa- 
thetic ophthalmia, 289 

Leopold, I H Keratoconus posticus circumscriptus 
*732 

Leslie Dana Gold Medal Award, 552 
Lewis, P M Angiomatosis retinae , report of 
successful treatment in 1 case, *250 568 
Lewis S D Achromatopsia , report of 3 cases 
*225 


Lewv, R B Allergic conjunctivitis from colored 
ink *376 

Light, ‘ hole” at macula due to looking at sun 
286 

I ightlng color in protective night light, 692 
Limbus Conjunctlvae See under Conjunctiva 
Corneae See Cornea 
Llpemla Sec Blood, fats and lipoids 
Lipins See Lipoids 
Lipoids See also Pat 
degeneration of cornea, 381 
pathology of cholesterin and fat deposition in 
mustard gas injuries of cornea, 555 
Lissencephaly See Brain, abnormalities 
Lloyd, R I Extrapapillary coloboma, 418 
Loutfallah, M Effect of sulfonamide ointment on 
cornea^ *631 wounds of rabbit 

"^“'^Rathis Such, 416 '®'“ 

Lowe^Mteln, 0 Pupillary reflex to darkness 

Lubkin, y Topography of orbit with referenci 
to retrobulbar injection, 700 erenci 

sensitometrh 

metuoa with usual technics of refraction *48* 
Lupus ervthematosls acute disseminated, paplll' 
edema In 14'' 


Ljmph ^odes, primary tubeiculobis of conjunctiva, 
♦19G 

Lymphogranuloma Venereum lesions of eyes, 813 
Lymphoma, lymphomatold diseases involving eye 
and Its adnexa, *179 


McBean, G M Bilateral metastatic carcinoma of 
choroid, report of case, *776 
McDannald, C E Neurodermatitis with cataract, 
report of 2 cases, *767 

McGarry, H I Effect of mydriatics on intra- 
ocular piessure in so-called primary wide angle 
glaucoma, 402 

Why is glaucoma clinic desirable? 573 
McGavic, 3 S Lymphomatold diseases involving 
eye and its adnexa, *179 

McGiegor, I S Retlculln content and prognosis 
In malignant melanoma of uvea, *291 
McLean, J M Combined Intracranial and orbital 
operation for retinoblastoma, *437 
Macula Lutea, familial degeneration of, 386 
“hole” at macula due to looking at sun, 286 
new answer to question of macular sparing, *421 
Malar Bone Sec Zygoma 

Malingering, neutralizing cylinder glasses as test 
for, 693 

Mandclbaum, J Ackromatopsia , leport of 3 cases, 
*225 

Medal, ophthalmic gold medal, 810 
Medicine See also Ophthalmology, etc 
cloves, oil of cloye and eugenol, their medico- 
dental history, 284 
Military See Military Medicine 
Ifelbomian Glands See Eyelids 
Melanin, pigmentation , precancerous melanosis and 
lesulting malignant melanoma (cancerous 
melanosis) of conjunctiva and skin of lids 
409 

Melanoma, five hundied melanomas of choroid and 
ciliary body folloyycd o years or longer, 816 
malignant, of choroid, 149 

piecancerous melanosis and resulting malignant 
melanoma (cancerous melanosis) of conjunc- 
thn and skin of lids, 499 
icsults of irradiation of malignant melanoma 
of uveal tract, 567 

leticulln content and prognosis in malignant 
melanoma of uvea, *291 
unusual manifestations of malignant melanoma 
of uveal tract, 288 

Melanosis See Melanin, pigmentation 
Menopause, estrogen therapy in edema of lids 
during menstrual and climacteric period, re- 
port of cases, 383 

Menstruation, estrogen therapy m edema of lids 
duiing menstrual and climacteric period, report 
of cases, 383 

Meicury, case of chronic mercurialism yyith colored 
leflex from anterior lens capsule, 287 
colored reflex from anterior capsule of lens which 
occurs in mercurialism, 411 
possible danger in use of merthiolate ophthalmic 
ointment, *265 
Merthiolate See Mercury 
Jliciophthalmos See Eyes, abnormalities 
Migraine, lecurrlng attacks of concomitant exo- 
tropia, each folloived by transient esotropia , 
migraine probable cause, *727 
MiIiLary Medicine See also Aviation and Aviators , 
Gas, poisoning, Naval Medicine, etc 
military ophthalmology, 698 
night yision in Army, 386 
Mineral constituents of sclerosed human lenses 
*255 

Mines and Miners, problem of hypeimctropic miner 


uiosis see I'upiis 

Mobney, J Astigmatic accommodation, *247 
■Moldite, new ophthalmic impression material, *626 
Mongolism cataract associated with, *757 
Aloore E Physiology of aqueous in completely 
Iridectomized eyes, *70 

^'^**'** 2*47 Astigmatic accommodation, 

Aloss, F K Comparison of new sensitometric 
method yvith usual technics of refraction, *489 
Jlouth old and now ideas in therapy of caustic 
bums, leport of cases, 382 
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Mucous Membianes, membranous inflammation of 
oropharynx, nose and conjunctiva due to sulfa- 
tliiazole admmistiation, 554 
ocular pemphigus and its relation to pemphigus 
of Sirin and mucous membranes, 382 
Muscles Ocular See Eyes, muscles. Strabismus 
Mustard Gas See Gas, poisoning 
Mustard Oil, sulfonamide content of aqueous humor 
following conjunctival application of drug 
powders, 811 

Mycosis , mj cotic infections of eye *134 
Alydriasis See Pupils 
Alyopia, muscle balance in, 695 
pathologic anatomy of myopic eye with regard 
to newer theories of etiology and pathogenesis, 
*476 

Jlyositis exophthalmos due to chronic orbital 
mj ositis *446 

Myotonia atrophica, cataract associated with 
dystrophia myotonica (myotonia atrophica) 
(Steinert-Batten-Gibb), *759 
aiyxedema cataract associated with keratosis 
folllculans (Darier’s disease) telangiectasis 
and myxedema, *757 


Nasolacrimal Duct See Lacrimal Organs 
Naval Medicine See also Aviation and Aviators, 
Military Medicme etc 

conversion formula for Snellen symbols 138 810 
Snellen symbols and naval examiner 377 
Nearsightedness See Myopia 
Needles simplest instrument for removal of foieign 
bodies from cornea, *262 

Nerves See also Nervous System , Neuralgia 
Neuritis, Paralysis, etc 
Cells See Neurons 

functional representation in oculomotor and 
trochlear nuclei, 554 

optic combined intncranial and orbital opera- 
tion for retinoblastoma *437 
optic, experimental production of primary optic 
atrophy in monkeys by administration of 
organic arsenical compounds, 282 
optic, extrapapillary coloboma, 418 
optic, marginal hemorrhage on disk, partial cross 
tearing of optic nerve, clinical and histologic 
findings 559 

optic, primary atrophy of, 163 
optic, sclerosis of cerebral basal vessels with 
optic nerve atrophy, 383 

optic structural changes in external geniculate 
body of rat following removal of eyes, *75 
optic, treatment of syphilitic primary optic 
atrophy 386 

optic tumoi formation at disk report of case, 
417 

optic unilateral involvement in head injuries 
143 

optic visual impairment during tryparsamide 
therapy (of syphilitic atropliy of optic nerve) 


*669 

Paralysis See under Paralysis 
quantitative study of cells and fibers in nucleus 
nerve complexes of fourth and sixth cranial 
nerves, 811 

Nervous System See also Brain, Nerves, Neurons 
Reflex, etc 

Boeck’s disease (sarcoid) of central nervous 
system, report of case, with complete and 
pathologic study, 694 
heterochromia of iris *93 

histogenesis of early lesions of multiple sclerosis 
significance of vascular changes, 694 
ophthalmologic aids in neurologic diagnosis, 383 

Neuralgia contact lens in cases of neuroparalytic 
keratitis 555 

Neuritis, optic, papilledema in acute disseminated 
lupus erythematosis, 149 

optic, papilledema without increased intracranial 
pressure, 386 , , , • 

optic, rupture of aneurysm of circle of Willis 
relationship between intraocular and Intra- 
cranial hemorrhage, *312 

Neurodermatitis cataract syndromes with derma- 
toses of atopic dermatitis type, *756 
with cataract, report of 2 cases, *767 

Neurons, epinephrine mydriasis *i^4 

quantitative study of cells and fibers in nuclws , 
nerve complexes of fourth and sixth cranial 
nerves 811 


Nevi See Angioma 
Newborn Infants, conjunctivitis of *116 
Nlcolas-Favre Disease See Lymphogranuloma 
Venereum 

Night Vision See Accommodation and Refraction 
Nose, membranous inflammation of oropharynx, nose 
and conjunctiva due to sulfathlazole admin- 
istration, 554 

Nyctalopia See Night Blindness 

Nystagmus, sex-linked hereditary nystagmus, 285 

Obituaries 

Bell, George Huston, 690 
Griscom John Milton 547 
Baton, Leslie J , 549 
Walker, Clifford B , 379 

O'Brien, C S Allergic keratoconjunctivitis, 403 
Obrlg T E New ophthalmic Impression material, 
*626 

O Connor Cinch Operation See Strabismus 
Occupational Diseases See Industrial Diseases 
Occupations See Industry 

Ocenol application of wetting agents in ophthal- 
mology with reference to sulfonamide com- 
pounds, *352 

Ogle K N Association between aniseikonia and 
anomalous binocular space perception, *54 
Oguchi s Disease See Night Blindness 
Oil of clov e, cloves and eugenol , their medico- 
dental histoiy, 284 

Ointments, possible danger in use of nierthiolate 
ophthalmic ointment, *265 
Olmsted I AI D Astigmatic accommodation 
*247 

Ophthalmia See also Conjunctivitis, Eyes, dis 
eases , Keratoconjunctivitis 
Egyptian See Trachoma 
sympathetic, 157 

sympathetic, electrophoretic studies on serums of 
patients with ocular disturbances, *621 
sympathetic, with subconjunctival dislocation of 
lens 289 

Ophthalmologic societies, directory of, 818 
Ophthalmology and sociology, 693 
history, story of asthenopia. Important part 
played by Philadelphia, vvliat of present and 
future? *167 
local anesthesia in, *777 
military, 698 

research at University of Oxford 688 
research chair at Royal Eye Hospital 280 
nckettsias in, *362 
Teaching See under Education 
Ophthalmoplegia See Paralysis 
Ojihthalmoscope, combined ophthalmoscope and 
retinoscope, *667 

Ophthalmoscopy See Eyes, examination. Glaucoma 
Optic Disk Optic Papilla See Nerves, optic. 

Neuritis, optic 

Optic Tract See Nerves, optic 
Orbit cholesteatoma of, *236 

combined intracranial and oibital operation 

for retinoblastoma *437 
emphysema simulating cellulitis, 558 

exophthalmos due to chronic orbital myositis 
*446 

fractures , traumatic enophthalmos *718 
hemangioma removed by operation 286 
metastatic infection report of case 410 

surgery, postoperative exotropla witli limita- 
tion of adduction results of transplantation 
of Tenon’s capsule 565 
surgery , recession of trochlea in overaction 
of superior oblique 815 
topograpliy with reference to retrobulbar in 
jeetion 700 

Orianl, A Fitting of contact lenses, *763 

Oropharynx See Pharynx 

Orthoptics See also Strabismus 
course for orthoptic technicians 810 
muscle balance in myopia, 695 
orthoptic treatment of anomalous projection 
694 

Orton S T Visual functions in strepliosym- 
bolla *707 

Osler-Rcndu Disease See Telangiectasis 
Oxford University ophthalmologic research at, 688 
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Palsy Ste Pinljsis 
Pannus See Trachoma 
Panophthalmitis See under Eyes 
Papilledema See Neuritis optic 
Paralysis, Bell’s See Paralysis, facial 

contact lens In cases of neuroparalj tic Keia 
tills, 555 , , 

contracture in ocular muscle paralysis, 285 
cyclic oculomotor, 384 

differential diagnosis of paresis of oblique and 
of supeiior and inferior rectus muscles, 576 
facial, congenital paralysis of lateral rotators 
of eyes with paralysis of muscles of face, 
*38 

Parasites See Bjes, parasites 
Paiedrlne, further studies concerning liomatro- 
pine cjclopiegla and parcdrlnc with refer- 
ence to rate of accommodative recoverj, 
384 

homatropine-paiedrine emulsion as cyclo- 
plegic, *87 

Parker, IV R Leslie J Paton, 549 
Pascal, J 1 Emmetropia, 809 
Paton, R T Hepaiin and dicoumaiin, 165 
Pemphigus, ocular pemphigus ind Its relation 
to pemphigus of slun and mucous mem 
branes, 382 

Penicillin and sulfadiazine in treatment of cxpcrr- 
mental intraocular infection with pneumococcus 
*426 698 

Percia, C A Subconjunctival dislocation of lens 
with sympathetic ophthalmia, 289 
Perritt, R A Corneal transplantation, *14 
Petrolatum, carbaminoylclioline chloride in, *591 
Pfeiffer, R L Traumatic enophthalmos, *718 
Pharjn\, membranous inflammation of orophaijnx, 
nose and conjunctiva due to sulfathiazole ad- 
ministration, 551 

Phlyctenulosis See Conjunctua, tubeiculosis 
Phjsostigmine, quantitative comparison of methods 
of administering, *521 
Pigmentation See Melanin 
Pinealoma, pupillary reflex to daikness, *603 
Pitman, L K Combined ophthalmoscope and 
retinoscope, *667 

Pituitary Body, fields of vision in cases of tumor 
of Rathke’s pouch, 416 
malignant exophthalmos, 3 cases, 146 
PI istic shell for use in simple erisceiation of globe 
*775 

Pneumococci, penicillin and sulfadiazine in tie it - 
ment of experimental intraocular infection 
with pneumococcus, *426, 698 
Poisons and Poisoning See under names of sub 
stances, as Gas , Mercury , Thallium , etc 
Poliosis See Hair, color of 

Pollock, F J Richettsias in ophthalmology, *362 
Pontocalne See Procaine and Procaine Compounds 
Poradenitis See Lymphogranuloma Venereum 
Posner, A Standardization and checking of 
Schiptz tonometers, *1 

Potter W B Visual Impairment during trypais- 
amide therapy, *669 

Premature Infants, fibroblastic overgrowth of per- 
sistent tunica vasculosa lentls in premature in- 
fants , report of cases , clinical aspects, 413 
Pressure See Tension 

Pringle-Bourneville s Disease See Sclerosis tu 
berous 


Procaine and Procaine Compounds, allergic kerato 
conjunctivitis, 403 
Proptosis See Exophthalmos 
Prowavek Bodies See Trachoma 
Ptosis See Eyelids, ptosis 
Puntennev I Keratoconjunctivitis sicca, *207 
Pupils anomalous reactions, 695 
effect of mydrlatics on intraocular pressure n 
so-called prlmarv wide angle glaucoma 402 
epinephrine mydriasis, *194 
mlotics 159 

physiology and pathology, latent phase of ligh 
reflex in normal human eye, 385 
physlologv and pathology, so-called preliminar 
enlargement of pupil during light reflex 38 
quantitative comparison of methods of administer 
Ing Phvsostlgmine *521 lumausier 


Radiations Sec Roentgen Rays 

Rados A Blood cholinesterase values of patients 

with glaucoma, *371 

Ramsey, P Embryology of microphthalmos in Rat- 
tus noiveglcus, *338 

Rappapoit, I Ocular tuberculosis 154 
Rathke's Pouch See Pituitary Body 
Ray, B S Combined intracranial and orbital 
operation for retinoblastoma, *437 
Reading, visual functions in strephosymbolla, *707 
Reese, A B Precancerous melanosis and result- 
ing malignant melanoma (cancerous melanosis) 
of conjunctiva and skin of lids, 409 
Unusual manifestations of malignant melanoma 
of uveal tract, 288 
Reflex, Adie’s syndrome, 553 
case of chronic mercurialism with colored reflex 
from anterior lens capsule, 287 
colored reflex from anterior capsule of lens which 
occuis in mercurialism, 411 
fixational corneal light reflexes as aid In bin- 
ocular investigation, *505 
physiology and pathology’ of pupil , latent phase 
of light reflex in normal human eye, 385 
physiology and pathology of pupil , so-called pre- 
liminary enlargement of pupil during light ic- 
flex, 385 

pupillary reflex to darkness, *603 
Refraction See Accommodation and Refraction 
Relapsing Fever oculai complications in, 283 
Rendu-Oslei Disease See Telangiectasis 
Repiints of articles by Bielschovvsky, 552 
lequested, 139 

Research chan at Royal Eye Hospital, 280 
ophthalmologic, at University of Oxford 688 
Rcticulin content and prognosis in malignant melan- 
oma of uvea, *291 
Retina See also Macula Lutea 

angiomatosis retinae, report of successful tieat- 
ment in 1 case, *250, 568 
Blood Supply See also Thrombosis , etc 
blood supply , heparin and dlcoumarin, 164 
blood supply , vasodilators and their action on 
central retinal artery, 152 
changes in tuberous sclerosis, 383 
combined intracianial and orbital operation foi 
letlnoblastoma, *437 
detachment and trauma *770 
detachment, bilateral uveitis and poliosis with 
lecoveiy *331 702 

detachment , technic of opei ations 144 
diabetic letinopathy, 162 
Inflammation See Retinochoroiditis 
lipaemia retinalis, 385 
lipaemia retinalis report of case, *358 
peripheral retinal lioles without detachment *585 
symptoms associated with retinal lesion, 695 
Retinitis Jensen’s See Retinochoroiditis 


Retinoblastoma combined intracranial and oibital 
operation for *437 

Retinochoroiditis, bacteria in iritis uveitis, irido- 
cyclitis, choroiditis and panophthalmitis, *131 
Retinopathy See under Retina 
Rctinoscopy See Accommodation and Refraction 


Rheumatism, rheumatic inflammation of eye 142 


Riboflavin acne rosacea keratitis and riboflavin 
(vitamin B 2 ), 692 

circumcorneal injection as sign of riboflavin de- 
ficiency in man, account of 3 cases of aribo- 
flavlnosis, 283 

deficiency and cataract, *754 
relation to eye, 813 

superficial vascularization of cornea, results of 
riboflavin therapy 141 
use in treatment of corneal diseases, 381 
Rickettsia in ophthalmology, *362 


•iiocntgsn Ktiys, absorption of Infra -roBiitgcn 

(bucky) rays of various qualities by anterior 
portions of eyeball, *43 
cataract due to damage from, *760 
Therpy See under names of organs, regions 
and diseases, as Glaucoma, Melanoma, etc 

^ Postoperative exotropia vvltli 
I mitation of adduction, results of transplant 1 - 
tion of Tenon s capsule, 565 

Rosen E Adie’s syndrome 553 
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Ro'senthal, C M Tlirombosls of central retinal 

vein treated successfully with heparin, report 
of 2 cases, *232 

Rosenthal, S L Results of desensitizitlon in 

tuberculous Iritis, 402 

Ruppe, J F Teaching afiBliation of New York 
Eye and Ear Infirmary, 378 

Rychener, R 0 Abscess of crystalline lens, 415 


Sachs Tay Disease See Idiocy, amaurotic 
Sagber, E Absorption of Infra-roentgen (bucky) 
rays of various qualities by anterior portions 
of eyeball, *43 

Sagher P Absorption of Infra-roentgen (bucky) 
rays of various qualities by anterior portions 
of eyeball, *43 

Sallt, P W Mineral constituents of sclerosed 
human lenses, *255 

Salvatorl, P L Pitting of contact lenses, *783 
Samuels, B Cataract complicating corneal scars 
after perforating ulcers, 416 
George Huston Bell, 690 

Sarcoidosis, Boeck's disease (sarcoid) of central 
nervous system , report of case, with complete 
and pathologic study, 694 

Sarcoma See Cancer , Tumors , and under names 
of organs and regions 
Scars See under Cornea 
Schaumann’s Disease See Sarcoidosis 
Scheie, H G Phjsiology of aqueous In com- 
pletely Irldectomlzed eyes, *70 
Schijitz Tonometer See Tension 
Schoenberg, M J Mlotlcs 159 
Treatment of simple glaucoma, 153 
Uveitis with secondary glaucoma, 153 
Vernal catarrh, 163 

Sclera, Intrascleral vascular plexus and Its relations 
to aqueous outflow, 811 

localization of foreign bodies In posterior wall of 
eyeball and their operative removal by use ot 
scleral lamp , report of case, 814 
Surgery See under Glaucoma 
Sclerosis multiple histogenesis of early lesions of, 
significance of vascular changes 694 
of cerebral basal vessels with optic nerve atrophy, 
383 

tuberous, *494 

tuberous, retinal changes In 383 
Scrofula See Tuberculosis 
Secretions Internal See Endocrine Glands 
Sedam M Primary tuberculosis of conjunctiva, 
*196 

Sensitometer See Accommodation and Refraction 
Serum Sickness See Anaphylaxis and Allergy 

‘Shipyard Eye See Keratoconjunctivitis 

Sinus, Nasal See Sinuses, Nasal 
Thrombosis See Thrombosis 
Sinuses, Nasal, diabetes insipidus and other un- 
usual complications of acute purulent sinusitis 
clinicopathologlc study of case 557 
Sitchevska, 0 Primary tuberculosis of conjunt 
tlva, *196 

Sjogren Syndrome See Keratoconjunctivitis 
Skin, Diseases See Dermatitis, Herpes, Neuro- 
dermatitis, etc 

ocular pempliigus and Its relation to pemphigus 
of skin and mucous membranes, 382 


SI ull See Cranium 


Slit Lamp See Eyes, examination 
Smith, H E Effect of mydriatlcs on Intraocular 
pressure In so-called primary wide angle glau- 
coma, 402 


Snellen Test See Vision 

Societies, American Board of Ophthalmology 810 
Asociacldn para evitar la ceguera en Mexico, 


688 

Canadian Ophtlnlmological Society, 688 
Egyptian Ophthalmologic Congress 378 
foreign, directory of, 818 
International, directory of, 818 
local, directory of, 823 
national directory of, 820 

nnlitlialmologlc directory of 818 

Pacific Coast Oto-Ophtlialmological Society, -80 
sectional directory of 820 
state directory of 821 


Society Transactions 

American Academy of Ophthalmology and Oto 
laryngology. Section on Ophthalmology, 561 
American Ophthalmologlcal Society, 388 
College of Physicians of Philadelphia, Section on 
Ophthalmology, 146 

Now York Academy of Medicine Section of 
Ophthalmology, 287, 698 

New York Academy of Medicine, Section of 
Ophthalmology, and Now York Society for 
Clinical Ophthalmology, 152 

Sociology and ophthalmology, 693 
Sodium lauryl sulfate , application of wetting agents 
In ophthalmology with reference to sulfonamide 
compounds, *352 

Space Perception, Influence of prolonged wearing 
of meridional size lenses on spatial localization 
*645 

association between aniseikonia and anomalous 
binocular space perception, *54 
Spaeth, E B Congenital ptosis, factors which 
indicate necessity for varied surgical pro 
cedures, 561 

Spatula used In scraping conjunctiva, *111 
Spectacles See Glasses 

Speculum with retractor for holding nictitating 
membrane of rabbit’s eye, *113 
Spine, abnormalities, heterochromia of iris, *93 
Squint See Strabismus 

Staphylococci, effect of sulfonamide ointment on 
healing of experimental wounds of rabbit 
cornea, *631 

metastatic orbital infection , report of case, 410 
role of meibomian glands in recurrent conjunc 
tlvitls, 140 

thrombophlebitis of cavernous sinus, recovery 
815 

Steele, W H Papilledema in acute disseminated 
lupus erythematosls, 149 

Sterilization surgical, sterilization of sharp In 
struments by chemical solutions, 381 
Stocker, P W Pathologic anatomy of myopic eye 
with regard to newer theories of etiology and 
pathogenesis of myopia, *476 
Stone, S Vitamin E (wheat germ oil) in treat 
ment of Interstitial keratitis, *467 
Strabismus, fixatlonal corneal light reflexes as aid 
In binocular investigation, *505 
guides In operative (cosmetic) treatment on non 
accommodative concomitant squint In adults 
*593 

orthoptic treatment of anomalous projection 604 
postoperative exotropla with limitation of ad 
duction , results of transplantation of Tenon s 
capsule, 565 

recession of Inferior oblique muscle at or no tr 
Insertion, 398 

Strephosymbolia, visual functions In, *707 
Sugar, H S Guides In operative (cosmetic) treat 
ment of nonaccommodatlve concomitant squint 
in adults *593 

Paradoxic esotropia during cycloplegia, *259 
Sulfanilamide See Sulfonamides 
Sulfapyrldlne See Sulfonamides 

Sulfathiazole See Sulfonamides 

Sulfonamides application of wetting agents in 
ophthalmology with reference to sulfonamide 
compounds, *352 

local toxic effects of sulfanilamide and some of 
its derivatives, *65 

membranous Inflammation of oropharynx nose and 
conjunctiva due to sulfathiazole administration 
554 

penicillin and sulfadiazine In treatment of experi- 
mental Intraocular Infection with pnoumococ 
ctis, *426 698 

sulfonamide content of aqueous humor following 
conjunctival application of drug powders oil 
Therapy See Conjunctivitis, Cornea, Fyes, dls 
eases. Ophthalmia, sympathetic. Orbit, Sfaphy 
lococci , Trachoma , etc 
Sun See Light 

Suprarenal Preparations See Adrenal Prtpan 
tions 
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Surgery See Apparatus, Instiuraents, and iinder 
organs and diseases, as Cornea , Byes , Glau- 
coma, etc , , ,, ,, 

Swan, K C CarbaminoylchoUne chloride in 
petrolatum, *591 

Syphilis See also under names of oigans, leglons 
AUd dlS6ElS6S 

treatment of syphlUtic prlmaii optic atrophy 
386 

visual Impairment during tryparsamlde therapy 
(of syphilitic atrophy of optic nerve) *671 


Tabes Dorsalis, anomalous pupil reactions, 695 
Tay-Sachs Disease See Idiocy, amaurotic 
Tears See Lacrimal Organs 
Telangiectasis See also Angioma 

cataract associated with ,lteratosls follicularis 
(Darieris disease), telangiectasis and myx- 
edema, *757 

Tenon’s Capsule See Orbit, surgery 
Tension See also Glaucoma 

clinical study and review of tonometry, *526 
reoperations for glaucoma, *499 
standardization and checKing of Schldtz tono- 
IIl6t6rs 

Tergltal, application of wetting agents In ophthal- 
mology with reference to sulfonamide com- 
pounds, *352 

Terry, T L Fibroblastic overgrowth of persistent 
tunica vasculosa lentls In premature Infants, 
report of cases , clinical aspects, 413 
Tetanus following eye Injury, 814 
Thallium, experimental chronic thallium poisoning 
and cataract, *754 

Theobald, G Inflammation following perforating 
inauries, 288 

Thrombosis of central retinal vein treated success- 
fully with heparin, report of 2 cases, *232 
thrombophlebitis of cavernous sinus , recovery 
815 

Thygeson, P Local sulfonamide therapy of catar- 
rhal conjunctivitis with sulfonamide compounds 
408 

Tonometer See Tension 
Tonometry See Tension 

Toxemia, intestinal autointoxication as cause of 
chronic blepharoconjunctivitis, 141 
Trachoma, infectlvlty of, 144 
local use of sulfanilamide for, 286 
prophylaxis in Argentina, 559 
rlcUettslas in ophthalmology *362 
sulfanilamide in treatment, 696 
Traction Test See Myositis 
Transplantation See under Cornea, etc 
Trauma See also under Cataract , Cornea , Face , 
Head , etc 

traumatic enophthalmos, *718 
Trlmethylhydroxyethylammonium Hydroxide See 
Choline and Choline Derivatives 
Trochlea See Orbit 

Tryparsamlde, visual Impairment during trjpars- 
amldo therapy, *669 

Tryptophan, classlflcation of experimental cataracts 
in rat, recent observations on cataract asso- 
ciated with tryptophan deficiency and wltli 
some other experimental conditions, *735 
experimental tryptophan deficiency and cataract. 


Tuberculosis See also under special structun 
of eye and names of diseases, as Conjunctivi 
Iris , etc 

ocular. 154 

ocular, experimental studies, effect of desens 
tizatlon with tuberculin in experimental oculi 
tuberculosis, 403 

results of desensitization in tuberculous inti 
402 

Tumors See also Angioma, Cancer, Epitliellomi 
Glioma, Hemangioma, Lymphoma, Melanomt 
i'Xnealoma, Retinoblastoma, etc, and nnd 
names of organs and regions, as Nerves, optu 
Pituitary Body, etc 

Intracranial dermoid and epidermoid tumors 5i 
Tunica Vasculosa Lentls Sec Lens, Crystalline 


Ulcers, Corneal See under Cornea 
Hltmshort Waves See under names 
rcKlons and diseases 
University of Aehrasba, appointments t 


of organs 
280 


Uvea, anomalous piocesses of ciliary type on pos- 
terior surface of Iris, 554 
displacement of ciliary processes to posterior 
surface of Iris, 555 

five hundred melanomas of choroid and ciliary 
body followed 5 years or longer, 816 
Inflammation See also Iridocyclitis, Ophthal- 
mia, sympathetic 

inflammation , bacteria In Iritis, uveitis. Irido- 
cyclitis, choroiditis and panophthalmitis, *131 
inflammation , bilateral uveitis, poliosis and 
retinal detachment with recovery, report of 
case, *331, 702 

inflammation, study of aqueous humor as aid to 
understanding uveitis and certain related con 
dltlons, 140 

inflammation, uveitis with secondary glaucoma, 
153 

Inflammation , Vogt-Koyanagi syndrome, 148 
results of Irradiation of malignant melanoma of 
uveal tract, 567 

retlculin content and prognosis in malignant 
melanoma of, *291 

unusual manifestations of malignant melanoma 
of meal tract, 288 
Uveitis See Uvea, inflammation 


Vaccine Therapy, autogenous, 156 
intestinal autointoxication as cause of chronic 
blepharoconjunctivitis, 141 
Vail, D Corneal vascularization problems, 407 
Vasa Hyaloldea Propila See Vitreous Humor 
Vasomotor System See also Arteries 

vasodilators and their action on central retinal 
artery, 152 

Veins, Aqueous See Aqueous Humor 
Retinal See Retina, blood supply 
Venable, H P RIckettslas In ophthalmology, *362 
Verhoeff, F H New answer to question of raac- 
ulai sparing, *421 

Recurring attacks of concomitant exotropia, each 
followed by transient esotropia , migraine 
probable cause, *727 
Viruses See also Herpes, etc 
bacteria and viruses in epidemics of conjunctiv- 
itis and keratoconjunctivitis, *129 
Infections of eye, *136 

Vision See also Accommodation and Refraction, 
Blindness, Eyes, examination, etc 
association between aniseikonia and anomalous 
binocular space perception, *54 
Color See Color Blindness 
Defective See also Astigmatism, Myopia, etc 
defective, anomalous letinal correspondence, 694 
defective, symptomatology of occipital angio- 
spasms, report of case, 143 
fields in cases of tumor of Rathke’s pouch, 416 
flxationnl comeal light reflexes as aid In bin- 
ocular investigation, *505 
homonymous defects for color, object and lettei 
recognition (homonymous hemiamblyopla) be- 
fore and aftei section of corpus callosum, 693 
Moore’s subjective “lightning streaks,” 387 
new answer to question of macular sparing, *421 
'Tests See also Accommodation and Refraction, 
Night Blindness, Space Perception, etc 
tests, conveision formula for Snellen symbols, 
138, 810 

tests, neutralizing cylinder glasses as test for 
malingering, 693 

tests, Snellen symbols and naval examiner, 377 
Visual functions in strephosymbolia, *707 
visual Impairment during tryparsamlde therapy 
*669 

Vitamins See also Riboflavin 
A, early detection of avitaminosis A by gross or 
blomicroscopic examination of conjunctiva, 281 
Ba See Riboflavin 

B (wheat germ oil) in treatment of interstitial 
keratitis, *467 

therapy in ocular conditions, 162 
therapy in ophthalmology, 697 
Vitiligo, Vogt-Koyanagl syndrome, 148 

^^*”treaks^"*38" subjective "lightning 


vogt-Koyanagl Syndrome See Uvea, Inflammation 
J’enfcillln and sulfadiazine In 
^ experimental Intraocular infection 
with pneumococcus, *426, 698 
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Wagener, H P Fields of vision in cases of tumor 
of Kathke’s pouch, 416 
IValdsteln, 33 Treatment of epiphora, 162 
IVar See Air Balds, Aviation and Aviators, 
Military Medicine, Naval Medicine, etc 
Weber’s Loop See Cataract 

Weiss, C Bacteriologic observations on infections 
of eye *110 

Wetting Agents See Detergents 
AMiite J W Recession of inferior oblique mus- 
cle at or near insertion, 398 
Woods, A C Autogenous vaccine therapy 15G 
Experimental studies of ocular tuberculosis, ef 
feet of desensltization with tuberculin in ex- 
perimental ocular tuberculosis, 403 
Ocular tuberculosis 154 
Primarj atrophy of optic nerve, 163 


Woods, A C — Continued 

Superficial punctate keratitis, keratoconiunctli- 
Itls, 161 

Sympathetic ophthalmia, 157 

Word Blindness See Aphasia, visual 

Workmen’s Compensation and Insurance, extra 
papillary coloboma, 418 

Wounds, effect of sulfonamide ointment on healing 
of experimental wounds of rabbit cornea, *631 

Yasuna, E Homatropine-paredrlne emulsion as 
cjclopleglc, *87 

Zephiran, application of wetting agents in ophthal- 
mology with reference to sulfonamide com- 
pounds, *352 

Zygoma abnormalities, deficiency of malar bones 
with defect of lower lids, 140 281 




